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ABSTRACT 
Cultivated alfalfa, Medicago sativa subsp. sativa, is grown in most regions of the 
world. The subsp. falcata possesses desirable cold, drought, and grazing tolerance (Oakley 
and Garver, 1917; Lesins and Lesins, 1979), but has contributed relatively little to most U.S. 
cultivars. Several molecular marker studies (Kidwell et al., 1994; Brummer et al., 1991) 
have shown subsp. falcata germplasm to be genetically distinct from subsp. sativa, and 
significant heterosis for forage yield has been expressed in some inter-subspecies crosses 
(Wilsie, 1958; Riday and Brummer, 1999). The objective of this experiment was to examine 
the distinctiveness of subsp. falcata and subsp. sativa in relation to geographic origin. This 
information could guide the development of improved subsp. falcata populations by selecting 
those with complementary allelic structures to Midwestern U.S. breeding populations. 
Putatively native accessions were examined to study the geographical distribution of alfalfa 
diversity. Thirty-nine accessions of subsp. sativa and subsp. falcata were selected from 
throughout the natural range of the species. Amplified fragment length polymorphism 
(AFLP) and random amplified polymorphism DNA (RAPD) markers were screened against 
two individuals of each accession. Genetic distances were calculated between all pairs of 
individuals in order to cluster the various accessions. In addition, morphological data was 
obtained from a field evaluation. Morphologically the subspecies are very distinct, as shown 
previously. However, according to the molecular marker analysis, subsp. falcata and subsp. 
sativa are not genetically distinct. Genetic variation among the subspecies was related more 
to geographic origin that to subspecies status. In conclusion, molecular markers are excellent 
tools to determine genetic variation across the geographical distribution of alfalfa subspecies. 
CHAPTER 1. INTRODUCTION 
Cultivated alfalfa (Medicago sativa subsp. sativa) is a leguminous crop considered 
the most important forage crop in the U.S. and Canada. Alfalfa's high percentage of 
digestible protein, high forage yield, contribution of nitrogen to improve soil fertility, and 
nectar source for honey bees make it an important crop (Barnes et al., 1988). 
Alfalfa originated in Asia Minor, Transcaucasia, Iran and Turkmenistan (Bolton et 
al., 1972). Sinskaya (1950) reported two centers of origin: (i) cultivated alfalfa from 
Northern Africa and the Transcaucasia mountains shows many similarities, suggesting these 
regions were the first and original center; and (ii) Central Asia was the second center. 
Alfalfa becomes dormant under stress conditions, such as cold winters and hot, dry summers, 
making it widely adapted to many areas of the world. The Romans cultivated alfalfa 2,000 
years ago, introducing it to Italy in about 200 B.C. and later to other parts of western Europe 
(Bolton, 1962). The Arabs, cultivating alfalfa in Northern Africa, brought it to Spain in A.D. 
711. From Spain, alfalfa spread to France, Belgium, Holland, England, Germany, Austria, 
and Sweden (Bolton et al., 1972). In the 18th century, alfalfa was spread throughout the 
world, arriving in North and South America, New Zealand, and Australia. Texas, Arizona, 
California and New Mexico were first states where alfalfa was grown in the U.S., probably 
being introduced from Mexico. 
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CHAPTER 2. LITERATURE REVIEW 
Alfalfa germplasm 
Alfalfa belongs to the Medicago sativa complex consisting of either eight (Lesins and 
Lesins, 1979; Quiros and Bauchan, 1988) or nine subspecies (Gunn et al, 1978). Quiros and 
Bauchan (1988) suggested the possible evolutionary pathway of the complex. M glomerata 
is proposed as the oldest subspecies and the ancestor of the other subspecies, which are 
subsp. glutinosa, subsp. coerulea, subsp. falcata, subsp. polychroa, subsp. sativa, subsp. 
tunetana, subsp. hemicycla and subsp. varia. Four of these subspecies (flativa,falcata, varia 
and glutinosa) are tetrasomic tetraploids (2n=4X=32); the rest are diploid (2n=2X=l6). 
Subspecies sativa and subsp. falcata are the most agronomically important and are found in 
both diploid and tetraploid forms. The diploid form of subsp. sativa is called subsp. 
coerulea. The diploids are presumed to be older (Lesins and Lesins, 1979), and tetraploids 
probably formed from them via unreduced gametes (Quiros and Bauchan, 1988). While 
subsp. falcata is characterized by its yellow flowers, sickle-shaped pods and resistance to 
cold and drought conditions (Hansen, 1907; Lesins and Lesins, 1979), subsp. sativa has" ... 
purple flowers and coiled pods and is adapted to more temperate climates (Lesins and Lesins, 
1979; Quiros and Bauchan, 1988). Subspeciesfalcata is found in the colder areas of Russia, 
Mongolia, Scandinavia and China; subsp. sativa grows in the Middle East, southern Europe 
and Northern Africa, but overlaps with subsp. falcata in some regions of Europe through 
Central Asia (Hansen, 1909; Lesins and Lesins, 1979). Thus, subsp. sativa and subsp. 
falcata are found in both allopatric and sympatric habitats, which might have resulted in 
different amounts of gene flow between the subspecies in particular geographic regions. 
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Commercial alfalfa was first introduced to the United States in the 1800s. Alfalfa 
cultivars in North America are derived from nine different germplasms as described by 
Barnes et al. (1977): 
(1) M sativa subsp. falcata was collected in Russia, Crimea, Caucasus and 
Siberia by Hansen (1907), who introduced it to South Dakota between 1894 and 1909. It is 
well known for its winter hardiness, a reason why it was used in breeding programs in the 
northern U.S. and Canada during the first half of the 20th century. 
(2) Msativa subsp. varia, a hybrid between subsp. falcata and subsp sativa with 
variegated flower color and intermediate pod shapes, was first introduced to Minnesota in 
1858. Subspecies varia is winter hardy but is susceptible to bacterial wilt. 
(3) Ladak originated in India and was grown in South Dakota as early as 1910. 
Its characteristics match those of subsp. falcata, and it is somewhat resistant to bacterial wilt. 
(4) Flemish came from France in 1947. Fast recovery after cutting and resistance 
to foliar diseases are some of its major characteristics. 
(5) Turkistan originated in Russia and is resistant to insects and crown diseases, 
especially bacterial wilt. 
(6) Peruvian arrived to the U.S. in 1899 from Peru. It is a non-dormant variety 
with poor winter hardiness. 
(7) Chilean was introduced by the Spanish into Peru and Mexico. In the 1850's it 
arrived in California, and then spread to Arizona, Kansas, Oklahoma and New Mexico. It 
also has a little winter hardiness. 
(8) African is the source of most cultivars grown in California and Arizona, but it 
is unclear where it originated from, although some hypotheses imply Egypt. 
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(9) Finally, Indian, which was introduced into California in 1913, is also a non-
dormant germplasm. 
Current Midwestern cultivars have little subsp. falcata, African, Indian, Peruvian and 
Chilean germplasm in their background. Instead, subsp. varia, Flemish and Turkistan 
germplasms are used predominantly, based on a survey of recent alfalfa cultivar releases 
(Alfalfa Variety Review Board Application, 1996). The distinctiveness of these nine sources 
is unclear. Molecular markers (Kidwell et al., 1994) showed many of the germplasms to be 
rather similar, and some similarity should be expected given the potential for germplasm 
mixing as a result of trade and human migration. 
Until 1955 only 33 cultivars were grown in both Canada and the U.S. Thirty years 
later, this number increased to 250 (Barnes et al., 1977). The private alfalfa industry played a 
major role in this increase. All of these cultivars were part of the M sativa germplasm. 
Subspecies falcata has not been used extensively in the U.S. during the past 50 years 
although it could contribute to the improvement of commercial subsp. sativa. It is adapted to 
cultivation, endures pasturing for many years, . has a first cutting very high in protein 
compared to that of subsp. sativa and is very resistant to extreme conditions (Hansen, 1907). 
However subsp. falcata has generally poor resistance to diseases and insects compared to 
many Midwestern cultivars. Therefore, subsp. falcata may be useful to breeders but it will 
need to be enhanced by selecting for various agronomic traits. If subsp. falcata germplasm 
known to be genetically distinct from subsp. sativa is used, significant improvement in yield 
may result (Riday and Brummer, 1999; Sriwatanapongse and Wilsie, 1968). 
Information regarding germplasm available_ for breeding purposes in the U.S. can be 
found in the Germplasm Resources Information Network (GRIN) managed by the National 
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Plant Germplasm System (NPGS) (Barnes et al., 1988). Accessions of alfalfa have been 
\• 
collected from their native areas or acquired from breeders in other countries and then.stored 
with a PI (Plant Introduction) number in the USDA-ARS collection in Pullman, WA (Barnes 
et al., 1977). Seed is kept in cold storage and periodically regenerated by interpollinating 
plants in field isolation using bees. Alfalfa accessions are very heterozygous and 
heterogeneous, where each plant represents a different genotype. Isolation is critical to 
maintain the genetic purity of each accession (Barnes et al., 1988). 
Heterosis and heterotic groups 
Heterosis or hybrid vigor is an important issue in forage breeding. Since alfalfa 
cultivars are synthetic populations, they never reveal the highest degree of heterosis for 
agronomic traits like yield because some inbreeding occurs when relatives cross during the 
generations of seed increase. Breeders occasionally use wild and native germplasm for 
breeding material but this material is typically integrated into already existing populations 
rather than kept distinct for use as a potential second heterotic group. Brummer (1999) 
suggested a different breeding method to use and maintain heterotic groups. Instead of 
integrating wild germplasm into existing populations, the new material could be improved 
independently, maintaining beneficial allelic interactions between populations. Crossing 
populations could lead to yield increases through the capture of heterosis in a cultivar. This 
approach would lead to the formation of semihybrid cultivars where half of the seed would 
be hybrids between the two populations and half would be Syn 3, i.e., within-population 
crosses. If four populations were used, the amount of true hybrid seed in the semihybrid 
would increase (Brummer, 1999). 
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In order to follow Brummer' s (1999) approach, evaluation of alfalfa germplasm is 
necessary to obtain two distinct heterotic groups. One promising pair of heterotic groups are 
the two main subspecies falcata and subsp. sativa, based on genetic, morphological, and 
agronomic evaluation (Kidwell et al., 1994; Wilsie, 1958; Sriwatanapongse and Wilsie, 
1968; Riday and Brummer, 1999). 
Germplasm diversity 
Commercial breeders are using subsp. sativa exclusively, and based on the amount of 
intercrossing among breeding populations, little differentiation among extant germplasm may 
remain. Though the identification of heterotic groups within subsp. sativa would be very 
useful, a more successful approach may be to identify promising accessions of subsp. falcata 
to begin an improvement program. However, the choice of accessions is not clear; whether 
some subsp. falcata are more closely related to subsp. sativa than others is not known. 
The relationship between geographical distribution and genetic similarity of native 
subsp. falcata and subsp. sativa accessions is an interesting but unexamined question. If 
similarities and differences between the two subspecies were related to geographical areas 
and habitats, then breeders could select accessions to use for different breeding purposes 
based on point of origin of the germplasm. If a pattern does not exist and these subspecies 
are just different in general, as suggested by Kidwell et al. (1994), then breeders could simply 
select accessions based on subspecies. In conclusion, subsp. falcata has the potential to 
become a new heterotic group useful for the routine expression of yield heterosis. The more 
information obtained about the genetic structure of this subspecies in relation to subsp. 
sativa, the more information breeders will have to guide germplasm enhancement and use in 
cultivar improvement programs. 
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Methods to characterize diversity 
The similarity or difference among a number of germplasm groups can be based on 
phenotypes representing on morphological or agronomic traits or on genotypes determined 
using molecular markers or sequence data. Given a set of data measured on all individuals, 
various statistical methods have been developed to clarify the relationships visually. Among 
the more common are phylogenetic and principal component analyses. 
Phylogenetic studies estimate the time since organisms sharing a common ancestor 
diverged and reconstruct the genealogical relationships between organisms (Li and Graur, 
1991). Phylogenetic trees are visual representations of evolutionary relationships among 
organisms. A phylogenetic tree is composed of taxonomic units, which can be species, 
populations, or in some cases, individuals within populations, connected by branches whose 
relative length reflects the time since divergence (Li and Graur, 1991). 
Many different ways to construct phylogenetic trees have been developed. First, a 
genetic distance is calculated based on the number of traits in common between two 
individuals. Nei's distance is commonly used (Nei, 1973). Using these distance measures 
among all taxa, a tree can be constructed by several methods. For example, the unweighted 
pair group method with arithmetic mean (UPGMA) is one of the simplest methods for tree 
reconstruction, because it is based on phenotypic similarity between taxonomic units under 
study, such as individual plants within a population. A more useful method is neighbor-
joining method, which sequentially identifies neighbor pairs that minimize the total length of 
the tree. A third method is maximum parsimony, which searches for a tree having the lowest 
number of evolutionary changes to explain differences among individuals being studied (Li 
and Graur, 1991). 
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The second type of analysis includes various principal component and cluster 
analyses, which investigate relationships among variables without designating some as 
independent and others as dependent. These methods attempt to represent a system's 
variation by a few principal components, rather than by all the variables. The resulting data 
can be used for cluster or discriminant analysis to identify relationships that may not be 
obvious based on the raw data (Johnson and Wichern, 1982; SAS, 1994). All these methods 
need to have a data set measured on all individuals that are being studied. Traditional 
systematic studies based relationships solely on observable phenotypes, but the development 
of isozymes and molecular markers allows an assessment of genetic relationships as well. 
Molecular marker evaluations 
Molecular markers can be used to quickly assess the genetic similarity among various 
genotypes. These markers are not affected by environmental conditions and can be detected 
in all stages of plant growth (Mohan et al., 1997). Molecular markers commonly used in 
crop breeding include SSR (simple sequence repeats), RFLP (restriction fragment length 
polymorphism), RAPD (random amplified polymorphic DNA), and AFLP (amplified 
fragment length polymorphism). 
Restriction fragment length polymorphisms (RFLP) are the most reliable marker for 
accurately scoring genotypes (Mohan et al., 1997). The RFLP genotypes are determined by 
digesting genomic DNA from each plant of interest with selective restriction enzymes, which 
cut at specific nucleotide sequences. Digestion produces a large number of fragments that 
differ in length. These fragments are separated by electrophoresis and specific sequences are 
detected by Southern blotting and hybridization with a radioactively labeled DNA sequence, 
or probe. RFLP are co-dominant markers capable of identifying a unique locus (Mohan et 
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al., 1997). Polymorphisms are generated between individuals due to gain or loss of 
restriction sites or to insertions or deletions between sites (Kochert, 1994). However, they 
require large amounts of DNA and are rather cumbersome to use. 
Random amplified polymorphic DNA (RAPD) are dominant markers developed from 
PCR amplification of random DNA segments using single primers of arbitrary nucleotide 
sequence (WiHiams et al., 1990). Primers bind at complementary sites throughout the 
genome, but amplification products are only produced if primers bind on opposite DNA 
strands in the correct orientation and less than 3-4 kb apart. Fragments are separated by 
agarose gel electrophoresis and visualized by staining with ethidium bromide. 
Polymorphisms occur due to insertions that change the size of the amplified fragment, to 
deletions of a priming site, or to insertions that move one primer site too far away for 
amplification to occur (Williams et al., 1990). 
Amplified fragment length polymorphisms (AFLP) are based on the selective PCR 
amplification of restriction fragments of genomic DNA. Adapters are ligated to the ends of 
the restricted fragments, followed by a selection step using magnetic beads (Jones et al., 
1997). The amplified products are radioactively or fluorescently labeled and separated on 
sequencing gels (Karp et al., 1996). These markers can detect 50-100 loci per reaction 
(Nakajima et al., 1998), which is particularly desirable for mapping, and also to calculate 
genetic distances in diversity studies. AFLP are as reproducible as RFLP, but they require 
more DNA per reaction than RAPD (Karp et al., 1996). 
Microsatellites (SSR) are short, tandemly repeated simple sequences with motifs of 1 
to 6 base pairs in length. In plants, AT is the most commonly repeated sequence (Mohan et 
al., 1997). These markers are made through PCR amplification of the repetitive sequences. 
The primers are designed from sequences flanking specific microsatellite loci. The fragments 
are labeled with either radioisotopes or fluorescent dyes and detected by autoradiography or 
fluorography. This marker can only be used in organisms from which sequencing 
information is available to identify the SSR and its flanking regions (Akkaya et al., 1992). 
Morgante and Olivieri (1993) described microsatellites as ideal genetic markers in plants for 
varietal identification, among other applications. 
Several studies have compared different marker types. Sharma et al. (1996) 
compared AFLP and RAPD markers to observe how the diversity and phylogeny of Lens 
species differed between the two marker types. They concluded AFLP analysis more 
accurately determined the relationships within and between cultivated and wild populations. 
Powell et al. (1996) compared RFLP, AFLP, RAPD and SSR markers to analyze the 
accuracy of each marker for soybean germplasm analysis. Estimates based on AFLP, RFLP 
and SSR were highly correlated, while correlations with RAPD markers were significantly 
lower. They concluded RAPD markers produce higher estimates of interspecific similarities. 
In addition, similarity estimates for both AFLP and RAPD markers were more closely 
correlated than any other markers, probably because they are both dominant markers. 
Milbourne et al. (1997) compared AFLP, SSR and RAPD markers in cultivated potato. The 
AFLP had the highest number of loci, while SSR had the highest diversity index. In this 
study, the best correlation was obtained between RAPD and AFLP. Two explanations could 
account for this result. First, they are both dominant markers, and in the case of a tetraploid 
species, when a band is shared between two accessions, one cannot assume 100% similarity, 
because markers may be present in any of four dosage states. Second, RAPD and AFLP 
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markers scan the whole genome, while SSR only detect variation at specific pre-determined 
sites. 
Diversity in alfalfa 
Several studies have shown differences between germplasms and subspecies based on 
morphological and/or agronomic traits. For example, Sriwatanapongse and Wilsie (1968) 
chose three different varieties representing three sources of germplasm to study heterosis. 
They concluded that heterosis was greater in crosses between subspecies (i.e. falcata x 
sativa) than within subsp. sativa. This suggests that the subspecies have different alleles or 
allele frequencies. Julier et al. (1995) studied genetic variability for agronomic traits such as 
morphology, growth and forage yield in populations of the Medicago sativa complex. They 
found subsp. sativa to be taller plants and higher yielding than subsp. falcata. In addition, 
this subspecies also had the highest regrowth. The lowest regrowth and shorter plants were 
those of subsp. glomerata. Jenczewski et al. (1999) showed that wild and cultivated 
populations could be differentiated in some, but not all cases. This will be discussed further 
in the Gene flow section below. 
A number of studies have examined similarities based on molecular markers. Kidwell 
et al. (1994) evaluated 108 individuals from accessions representing the nine original 
germplasms of alfalfa, and used UPGMA to develop a dendogram. Although they found few 
differences among most germplasms, it did find subsp. falcata to be very distinct from all 
others. The lack of differentiation among the others may have been due to outcrossing or 
genetic shifts of the seed used to represent the original germplasm sources. In a different 
study using isozymes, subsp. falcata was more variable than any of the other subspecies 
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studied, based on the number of alleles and the percentage of heterozygous individuals in the 
population (Quiros and Bauchan, 1988). 
Gherardi et al. (1998) measured the genetic distance between populations of alfalfa 
representing germplasm origins. Eight cultivated populations of subsp. sativa and subsp. 
falcata were analyzed using RAPD markers. A total of 64 bands was scored as present or 
absent across all populations using five different primers. In general, diversity was greater 
within populations, and for the most part, the same bands were observed across all 
populations. Only one band was present only in subsp. falcata. They suggested RAPD 
markers could be very useful to study the introgression of genetically distant material, yet, 
they did not evaluate enough accessions to confirm this idea. The lack of more specific 
bands could be explained by gene flow among subspecies. 
Twenty-six populations of the Medicago sativa complex from France, Canada, Spain, 
Italy, Sweden, Morocco, Tunisia, Egypt, Sudan, USA and Japan were analyzed with RAPD 
markers by Crochemore et al. (1996). Four primers showed a total of 24 polymorphisms. 
They used the UPGMA method for cluster analysis. As with Gherardi et al. (1998), their 
results showed a more significant variation within than between populations, probably due to. 
outcrossing and tetraploidy. Interestingly, subsp.falcata showed the greater variation within 
population than any of the other subspecies. This study suggested variation within 
population could be a major source of variation for traits that have not yet been selected. 
However, subsp. falcata and subsp. sativa were found to be significantly different from each 
other. According to their molecular marker data these two subspecies belong to different 
gene pools. 
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Variation between and within diploid and tetraploid alfalfa using RFLP markers was 
studied by Brummer et al. (1991). Forty diploid alfalfa plants from M sativa subsp.falcata, 
· subsp. sativa and subsp. coerulea, and twenty tetraploid plants from each of three different 
cultivars were selected for the study, and analyzed using the PAUP program based on 
maximum parsimony to construct a phylogenetic tree. M sativa subsp. falcata formed 
clusters totally different from either subsp. sativa or subsp. coerulea, the diploid form of 
subsp. sativa. In general, large amounts of variation were found between and within all 
diploid subspecies. All three tetraploid cultivars were synthetics and showed different 
characteristics. Based on RFLP marker analysis, all three cultivars were distinct from each 
other and formed individual clusters. This study suggested that differentiation among 
cultivars using RFLP markers is possible in alfalfa. The phylogenetic tools provide plant 
breeders a better understanding of the diversity within their germplasm at the genetic level. 
Gene flow 
A possible means to guide germplasm improvement may be to study the genetic 
variation throughout the geographical distribution of subsp. sativa and subsp. falcata. Only 
subsp. falcata grows in northern regions of Russia, Scandinavia, Mongolia and China~·.and 
only subsp. sativa is native to southern Europe, the Middle East, and Northern Africa. These 
regions represent allopatric habitats where only one subspecies lives. The native ranges of 
both subspecies have a large region of sympatry, overlapping throughout northern Europe, 
Russia, former Soviet Union and China (Ivanov, 1980; Lesins and Lesins, 1979). 
In alfalfa, Jenczewski et al. (1999) studied population differentiation among and 
within wild and cultivated Spanish populations based on allozymes and quantitatively 
inherited morphological traits. Their objectives were to ascertain the levels of gene flow 
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among alfalfa populations under natural conditions. Natural populations varied in their 
similarity to the cultivated germplasm, although extensive evidence for gene flow was 
present. Although gene flow from the cultivated to wild populations occurred, it appeared 
that selection prevented many cultivated traits from persisting in the natural populations. The 
amount of gene flow varied both among locations and over time. 
A number of studies have shown differences within and between subspecies based on 
their habitat. Arnold et al. (1990) studied populations of Louisiana Iris species for 
interspecific gene flow and introgression between the species. Populations of Iris fulva, I 
hexagona, and I. nelsonii were selected for this study. Using RAPD markers they found 
interspecific gene flow between I fulva and 1 hexagona. Both of this species have been 
found in sympatric habitats. Interestingly, one of the allopatric populations of each of two 
species showed amplified products found in the alternate species. They concluded these two 
species have undergone interspecific gene flow in localized habitats. They also suggested 
molecular markers are powerful tools for testing evolutionary genetic hypothesis. Howard et 
al. (1997) studied hybrid zones in two different oak species. Six out of 700 RAPD primers 
showed amplified products present in one species but not in the other. In addition, the 
correlation between morphological and genetic data was very high even on trees from a 
mixed site were both species grew with no isolation. They concluded the two subspecies 
were genetically distinct within and outside areas of sympatry. Kato and Ribi (1997) studied 
the genetic diversity of sympatric and allopatric populations of the freshwater snail species 
Viviparus ater and V contectus. Six allozyme loci were analyzed from ten sympatric 
locations and four allopatric populations for each of the two species. Their results showed 
seven out of the ten sympatric sites had introgressed genes. Further data indicates the 
15 
introgression occurred from V ater to V contectus and vice versa. Although both species 
share common ancestry, genetic differences between the twospecies were significant enough 
to conclude they were due to isolation among populations of both species. In a review of 
hybrid origins of plant species, Rieseberg (1997) states molecular data provides convincing 
evidence to explain natural hybridization in both sympatric and allopatric habitats. 
Objiective 
The objective of this study was to identify the pattern of genetic similarity using 
molecular markers of subsp. falcata and subsp. sativa germplasm across their geographic 
range. The results of this study will help develop methods to enhance Midwestern U.S. 
breeding populations. 
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CHAPTER 3. MATERIALS AND METHODS 
Plant material 
Seed from thirty-nine accessions representing both subsp. sativa and subsp. falcata 
were obtained from the USDA National Plant Germplasm System at Pullman, Washington 
(Table 1 ). The accessions were selected from throughout the geographic ranges of both 
subspecies following the description by Lesins and Lesins (1979; Figure 1). Only accessions 
that had been collected from the wild (instead of donated) and had some reported information 
on their origin were chosen. All seed was propagated in Washington under controlled open 
pollination (in cages with bee pollinators), using the originally collected seed as the parents. 
Accessions representing regions of sympatry between subsp. sativa and subsp. falcata 
include central Europe, south Kazakhstan, Uzbekistan, Turkistan, northern China, Mongolia 
and southern Russia. This region of natural sympatry also includes wild populations of M 
sativa subsp. varia, the hybrid of subsp. sativa and subsp. falcata. Accessions of allopatric 
subsp. falcata are from northern Germany, Poland, Latvia, Lithuania, Belarus and northern 
Russia. Allopatric subsp. sativa were collected in Turkey, Syria, Iraq, Iran, Afghanistan, 
India and south Asia. 
In addition to these thirty-nine accessions, one accession representing M prostrata 
was included as an outgroup. It was collected in Italy and is phenotypically similar to subsp. 
falcata. Although all of the accessions are native populations as far as we know, some may 
represent naturalized, cultivated material. Because the subspecies are interfertile, gene flow 
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Seeds of each accession were planted in the greenhouse at Iowa State University, 
Ames, IA in June 1997. In August 1997, twenty plants from each accession were 
transplanted by hand at the Agronomy Farm west of Ames, IA in a randomized complete 
block design with two replications, ten plants per replication. Plants were spaced 30 cm 
apart within rows, which were spaced 75 cm apart. Natural plant height and width were 
measured in centimeters, flower color was visually scored, maturity was scored on a scale of 
0 through 9, where 0 was early vegetative and 9 ripe seed pod on each plant in July 1998. 
Also winter survival was scored on each plot (number of live plants). 
Ploidy determination 
In fall 1997, the ploidy of each accession was determined using flow cytometry as 
described by Galbraith et al. (1983) and Brummer et al. (1999; Table 1). Briefly, 10 mg of 
leaf tissue was chopped in iced-cold buffer to release nuclei. Nuclei were stained with 1 ml 
of propidium iodide (100 µg mL-1 in chopping buffer). Laser excitation at 480 nm was used 
to read up to 10,000 nuclei per sample. Ploidy controls were used to calibrate the flow 
cytometer and the unknown samples were compared to them. The diploid control was "3W" 
(Brummer et al., 1993), belonging to a population at diploidized subsp. sativa, and the 
tetraploid control was subsp. sativa "408", obtained from ABI Alfalfa, Ames, IA. The 
samples were analyzed at the Hybridoma Facility at Iowa State University, Ames, IA using a 
flow cytometer [Coulter-Epics XL-MCI instrument (Beckman Coulter, Miami, FL]. The 
number of nuclei was plotted as a function of level of fluorescence: tetraploids have a higher 
fluorescence level than the diploids, resulting in a peak to the right of the diploid. 
Accessions were classified as either diploid or tetraploid when peaks corresponding to one or 
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Table 1. Accession, latitude, longitude, subspecies, ploidy level and flower color 
of the Medicago accessions evaluated. 
Reference# Accession Latitude . Longitude Subspecies Ploidy Flower 
N E Color 
1 PI 499661 44°05 124" 088°30136" sativa 4x purple 
2 PI 250975 41°321 020°321 sativa 4x purple 
3 PI 517243 38°53 1 001°10w sativa 4x purple 
4 PI 420396 42°28 1 002°261 sativa 4x purple 
5 PI 577478 42°461 002°41 1 sativa 4x purple 
6:J: PI314706 43°26'24" 076°55'12" sativa 4x purple 
7:J:1 PI 577496 35°51 1 009°121 sativa 4x purple 
8 PI 502425 46°25 112" 44°15 136" sativa 2x purple 
9,r PI 516588 31°22148" 008°27'36"W sativa 4x purple 
10 PI 251836 44°101 011 °201 sativa 4x purple 
11 PI 384890 36°251 055°01 1 sativa 4x purple 
12:J: PI 577574 sativa 4x purple 
13 PI 577466 40°22112" 071°47124" sativa 4x purple 
14 PI26590 35°33136" 006°10112" sativa 4x purple 
15 PI 173732 37°161 038°491 sativa 4x purple 
16 PI314713 43°33 1 077°49 148" sativa 4x purple 
17 PI314268 41°37'48" 70° sativa 2x purple 
18 W6 5768 falcata 2x yellow 
19 PI325384 46°27' 033°521 falcata 4x yellow 
20 PI234815 46°521 009°321 falcata 2x yellow 
21:J: W6 5872 47°151 009°38 1 falcata 4x yellow 
22 PI 494661 46°54'36" 023°25'12" falcata 4x yellow 
23:J: PI 494663 44°11 1 028°391 falcata 4x yellow 
24 PI 499664 44°05124" 088°30136" falcata 4x yellow 
25 PI 577560 51 °39' 085°401 falcata 4x yellow 
26 W6 5842 46°23 1 013°07' falcata 2x yellow 
27§ W6 5756 falcata 2x yellow 
28 PI 14153 29° 840 falcata 4x yellow 
29:J: PI 577557 42°25 112" 027°421 falcata 2x yellow 
30 PI 16612 47°30120 111 °59157" falcata 4x yellow 
31 PI 577562 51 °58 148" 085°58 148" falcata 4x yellow 
32 W6 5753 55° 091 720 falcata 2x yellow 
33 W6 5741 49°121 016°381 varia 4x variegated 
34:J: PI 440520 44°47'24" 041°57'36" varia 2x variegated 
35 PI 502440 45°02124" 041 °34148" varia 4x · variegated 
36 PI 494658 46° 341 026°541 varia 4x variegated 
37 PI 253451 46°23 1 016°241 varia 4x variegated 
38 W6 5744 varia 4x variegated 
39 W6 5755 varia 4x variegated 
40t:J: PI 577448 37°421 15° prostrata 4x yellow 
t = M prostrata 
:J: = Only 1 genotype for molecular analysis 
§ = No marker data available 
,r = No field data available 
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the other control were observed. Those accessions that could not be ambiguously assigned to 
either class were analyzed again until clear single peaks were obtained. One half of all the 
accessions were analyzed twice and the same results were obtained (Brummer et al., 1999). 
The accessions with variegated color are probably subsp. varia and are misclassified in the 
GRIN system. 
Random Amplified Polymorphism DNA 
DNA Isolation 
In fall 1997, leaf tissue was harvested from 70 genotypes representing plants of 
accession except as noted in Table 1, and stored at -70°C overnight. DNA extraction was 
done using a fast method described by Cone (1989). This procedure involves grinding fresh 
tissue in a tube with liquid nitrogen. Urea extraction buffer is added to break the pellet, 
followed by the removal of protein with phenol:chloroform. Samples are centrifuged and the 
supernatant is transferred into new tubes, resuspended in salt and isopropanol, and 
centrifuged. The supernatant is discarded and pellets are washed with 70% ethanol and 
resuspended in water. DNA of all seventy genotypes was run in a 0.8% agarose gel and 
concentrations were adjusted based on the intensity of the sample in each lane on a photo of 
the ethidium bromide stained gel. The yield was about 100 ng of DNA per mg of leaves 
(fresh weight). 
RAP D analysis 
Random amplified polymorphic DNA (RAPD) markers (Table 2) were screened on 
the 70 genotypes. Good reproducibility of bands was obtained by using 30 ng of DNA, 50 
ng of 10-mer primers, 1.5 mM of MgCh, and 0.1 Taq Polymerase units (Gibco BRL). 
Amplification was performed in a MJ Research, Inc. thermocycler following the procedure 
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described by Crochemore et al. (1996): four minutes of denaturation at 94 cc followed by 37 
cycles of 1 minute at 93 c C, 1 minute annealing at 45 c C and 1 minute extension at 72 c C. 
The final cycle ended with 6 minutes at 72 c C. Primers were obtained from the University of 
British Columbia and from published sequences (Gherardi et al., 1998) (Table 2). RAPD 
fragments were separated by 1.8% agarose gel electrophoresis and stained with ethidium 
bromide. 
Two additional primers, Hind III and Hae II, (provided by Dr. Dan Skinner, Kansas 
State University) were also screened against all 70 genotypes. These two primers represent 
two hypervariable regions of the alfalfa chloroplast genome. In this case, PCR conditions 
were as follows: denaturation at 95 cc for 3 min, followed by 49 cycles of 95cc for 30 sec, 
48 cc for 1 min, and 72 cc for 2 min. PCR fragments from the Hind III region were 
separated on 2% agarose gels with 0.3% Synergel (Diversified Biotech, Boston, MA). The 
fragments for the Hae II region were resolved on a 1.5% agarose gel. 
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Amplified fragment length polymorphism 
DNA isolation 
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In fall 1998, leaf tissue was harvested from the same 70 genotypes as with RAPD 
markers and stored at -70 ° C. Isolation of DNA was performed following the procedure 
described by Doyle and Doyle (1989). Fresh tissue was ground in a mortar and a pestle with 
liquid nitrogen, 3% CTAB buffer was added, and the samples were incubated for 1 hour at 
60 ° C. Chloroform was added and mixed with the samples before centrifugation. The 
chloroform extraction was repeated to further clean the samples. Phenol was added to the 
samples, which were then centrifuged. The supernatant was transferred into a new tube, and 
RNase was added to remove any RNA. DNA was visible after adding isopropanol, and 
incubated at -20°C overnight. To further remove polysaccharides samples were washed in 
76% ethanol and 10 mM NH4OAc with gentle shaking 45 minutes. TE buffer was added and 
samples were incubated at room temperature overnight until pellets were dissolved. Next, 
4M NaCl and 100% ethanol were added to further eliminate polysaccharides. The best 
results were found when the samples were incubated overnight at -20°C.· The next morning 
the samples were centrifuged and the pellets were rinsed with 70% ethanol. Pellets were 
dried and finally resuspended in TE buffer overnight. DNA of all 70 genotypes was run in a 
0.8% agarose gel and concentrations were adjusted based on the intensity of the sample in 
each lane on a photo of the ethidium bromide stained gel. The yield was about 350 ng of 
DNA per 1.5 g of fresh leaf tissue. 
Digestion and Adapters 
The procedure for AFLP analysis was modified from Vos et al. (1995). DNA was 
digested with two different restriction enzymes (EcoRI and Taq I). First, 1.5 µg of DNA was 
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cut with 12.5 units of Taq I for three hours at 65 °C. Samples were then cooled at room 
temperature for 15 minutes, when 12.5 units of EcoRI were added, and incubated at 37 °C for 
three hours. Two adapters are necessary for ligation to both of the restriction enzyme sites. 
Within each adapter pair, one of the adapters has a biotin molecule attached for use in 
selection (see below). The adapters consist of a core sequence and an enzyme specific 
sequence. The structure of the Taq I adapter is: 
Adapter 
5 GAC GAT GAG TCC TGA Q 
TA CTC AGG ACT QGC 5 
The structure of the Eco RI adapter is: 
Adapter 
5 CTC GTA GAG TGC GTT ACQ 
CTG ACG CAA TGQ TTA A 5 
Cut Site 
T -1- C G A 
A G C t T 
Cut Site 
G-1- A AT T C 
C T TA At G 
The restriction enzyme cut site is changed by 1 base pair in the adapter (underlined 
above) so the restriction enzyme will no longer recognize the site and will not be able to cut 
the adapter off during the ligation reaction, assuring irreversible ligation. Adapters were 
added to the digested DNA and the mixture was placed in a beaker of water at 65 °C which 
was placed in a refrigerator at 4 °C until the temperature reached 20 °C or lower ( about 1 
hour). The ligation of the restriction fragments and adapters was rapidly done using T4 DNA 
ligase, with an incubation time of 4 hours at l 6°C. 
Only restriction enzyme fragments with an EcoRI cut site on one end, and a Taq I cut 
site on the other are designed for AFLP reactions. All fragments with Taq I cut sites at both 
ends had to be eliminated by a biotin selection. 
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Labeling primers 
After the biotin selection, only fragments with EcoRVEcoRI, or EcoRI/Taq I remained. 
Primer pairs complementary to the adapter and cut site and extending three bases into the 
genomic DNA fragment (underlined below) were selected (Table 3). A pair is any EcoRI 
primer and any Taq I primer. Taq I primers were selectively labeled with y 33P-ATP in order 
to visualize amplified fragments on a gel. Thus, only EcoRI/Taq I fragments will be 
observed. Primers were end labeled with y 33P-ATP using T4 polynucleotide kinase, 1.5 µl 
of primer (50 ng/µl), 0.2 µl of T4 polynucleotide kinase, and 1 µl of isotope. Primers were 
incubated at 37 ° C for 1 hour, followed by a heat inactivation step of the T4 polynucleotide 
kinase at 70 °C for 10 minutes. 
Table 3. Nucleotide sequence of the primers used in 
AFLP analysis 
Primer 5'- 3' Sequence 
AFT 24 TGA GTC CTG ACC GAA GT 
AFE 22 CTG CGT TAC CAA TTC AAC 
AFE 24 CTG CGT TAC CAA TTC CTC 
AFE 25 CTG CGT TAC CAA TTC ATG 
AFE 26 CTG CGT TAC CAA TTC AAA 
AFE 30 CTG CGT TAC CAA TTC GTC 
AFE 38 CTG CGT TAC CAA TTC AAT 
AFE 40 CTG CGT TAC CAA TTC TCA 
Selective amplification 
Any fragment from a given individual with complementary bases to the primer 




















The conditions for PCR amplification were as follows: 2µ1 of genomic DNA digest, 0.6 µ1 
AFE primer (30 ng), 0.5 µ1 AFT unlabeled primer(25 ng), 1 µ1 AFT 33P-ATP labeled primer 
(5 ng), 2 µ1 lOX PCR buffer (from Gibco BRL), 4 µl l.25mM dNTP's, 0.6 µl 50mM MgCh, 
0.2 µl Taq polymerase (from Gibco BRL) and water (20 µl reaction) were all mixed together 
in a tube. The PCR cycling was done on a Perkin-Elmer 9600 thermal cycler. The PCR 
cycle was performed for 36 cycles with the following cycle profile: a 3 min DNA 
denaturation step at 94 °C, a 1 min annealing step (see below), and a 1 min and 30 sec 
extension step at 72 °C. The annealing temperature in the first cycle was 65 °C, and was 
subsequently reduced each cycle by 0.7 °C for the next 12 cycles, and was continued at 56 °C 
for the remaining 23 cycles Vos et al., 1995). When the PCR reaction was done, 16 µl of 
STOP buffer (98% formamide, 10 mM EDTA pH 8.0, bromo phenol blue and xylene cyanol) 
were added to each sample. 
Gel analysis 
PCR products were run on a 6% polyacrylamide denaturing gel as described by Vos 
et al. (1995). The gel matrix was prepared using 6% acrylamide, 9.0 M urea in 60mM 
Tris/60mM Boric acid/lmM EDTA. To 100 ml of gel solution 500 µl of 10% APS and 100 
µl ofTemed was added and gels were cast using a SequiGen 38x50cm gel apparatus (BioRad 
Laboratories Inc., Hercules, CA, USA). The running buffer used was 1 00mM Tris/1 00mM 
Boric acid/2mM EDT A. While the gel was pre-run to reach a temperature of 50 °C, PCR 
samples were denatured at 95 °C for 6 minutes, and then were placed immediately on ice. 
Five microliters of each sample were loaded into each well. The gel was run at 1800 volts 
and 150 amps for the first 15 minutes to reach 50 °C again. Once this temperature was 
obtained, the amperage was decreased to 115 amps. The gel ran for approximately 2 hours, 
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or until the bromophenol blue dye reached the bottom. The gel was then dried at 80 °C for 
about 1 hour. Finally, Kodak X-OMat film was used to expose the gel for about 3 days 
( depending on the radioactive signal). 
Data analysis 
Field analysis 
Field data was analyzed using principal component analysis. First the least squares 
means for all variables (plant height, plant width, maturity stage, flower color and winter 
survival) were calculated using PROC GLM. Second, a correlation matrix of phenotypic 
data was created using PROC CORR. Third, PROC CLUSTER and PROC CANDISC were 
used to cluster accessions (SAS, 1994). 
Molecular analysis 
Molecular bands were recorded as described by Kidwell et al. (1994). DNA bands 
were scored by assigning a number to each polymorphic DNA fragment by comparing 
sample lanes to lambda markers and to an alfalfa DNA standard. Only bands that were 
clearly distinct were included in the analysis. For both AFLP and RAPD analysis, "l" was 
scored if a given band was present and "O" if it was absent for each individual. Genetic 
similarity estimates were calculated between all pairs of individuals in all possible 
combinations using the Dice coefficient (Dice, 1945). According to this coefficient, the 
genetic similarity estimate (GSE) is the measure of genetic similarity between a pair of 
samples, i and j. GSEt,= 2a/(2a + b + c), where:· 
a= the number of bands common to lines i and j 
b= the number of bands present in i but absent in j 
c= the number of bands absent in i but present in j 
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Dendograms of individual and bulked genotypes were constructed from GSEs using the 
neighbor-joining method (Saitou and Nei, 1987). All calculations and analyses were 
conducted using the Numerical Taxonomy and Multivariate Analysis System -personal 
computer (NTSYS-pc) program (Rohlf, 1992). 
In addition, molecular data was also analyzed using cluster analysis (SAS, 1994). 
The GSE calculated from the Dice coefficient obtained from NTSYS-pc were used in a factor 
analysis to obtain principal components (PROC FACTOR). The principal components were 
used to develop clusters of accessions using PROC CLUSTER. Principal component 
analysis produced canonical distances between the different clusters it identified. 
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CHAPTER4.RESULTS 
Field data analysis 
Subspecies falcata had shorter but wider plants and better winter survival than subsp. 
sativa (Table 4). Subspecies varia was an intermediate in height between subsp. sativa and 
subsp. falcata, but was similar to subsp. falcata for width and winter survival. Finally, M 
prostrata was significantly shorter from the other subspecies, but otherwise similar to subsp. 
falcata and subsp. varia (Figure 2). However, this subspecies was only represented by one 
accession, so strong conclusions about it cannot be made. 





















varia 7 52.0a 38.4a 5.6a 7.8a 
prostrata 1 25.4c 30.9ab 5.8a 8.lab 
t = 2 accessions died (Pl 516588 and PI 577496) and were not included in the analysis 
=I= = Means within a column followed by different letters are significantly different at p < 0.05 
Molecular data analysis 
A total of 308, polymorphic fragments from both AFLP and RAPD markers were 
scored as presence-absence characters in the 70 genotypes for which we had DNA. Analysis 
of each marker type alone produced very similar results, congruent with previous studies 
(Jones et al., 1997; Powell et al., 1996; Milbourne et al., 1997); therefore, all data were 
compiled and analyzed together. 
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Neighbor-joining method 
The neighbor-joining method was used to construct a phylogenetic tree from the 
estimates among genotypes (Figure 3). Both genotypes within an accession clustered 
together, except for accessions 4 and 22. M prostrata, considered the outgroup, clustered 
apart from all M sativa subspecies, as expected. Although both diploid and tetraploid 
accessions were included, no clustering based on ploidy was observed, with diploid 
accessions spread throughout the tree. Accessions were more likely to be clustered based on 
geographic origin than on subspecies status. In addition, accessions were found to cluster 
into two main groups, to the western and eastern side of the Caspian see. Cluster A 
contained two accessions from China, one of each subspecies, as well as other subsp. falcata 
and subsp. varia accessions both from Asia and from eastern Europe. Cluster B included 
primarily subsp. sativa, though three subsp. falcata were present, but all were from central or 
southern Europe and north Africa, except 6a (central Asia) and 19b (Crimea). Clusters C and 
D both included primarily central and eastern European accessions of all three subspecies. 
Cluster E consisted mainly of subsp. sativa accessions from across the southern range of the 
species, Morocco to Nepal. However, several subsp.falcata accessions (28, 29) from regions 
of sympatry with subsp. sativa were also clustered here, and several subsp. falcata from 
allopatric regions (30, 31 ). Group F included several accessions that mainly clustered only 
with themselves; these originated in central Russia (39, 32), near the Crimea (19a), and 
central Asia (17). 
These groups suggest that subsp. falcata derived from subsp. sativa, which spread 
from the center of origin to northern Africa and eastern Asia. The unweighted pair group 
method with arithmetic mean (UPGMA) gave roughly similar results ( data not shown). 
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Principal component analysis 
A total of six clusters were identified with the principal componentanalysis (Table 5). 
The clusters were similar to those found with neighbor-joining, and clearly showed 
geographical, rather than subspecies groupmg. Clusters A and D were predominately 
accessions from Asia and northern Africa, and clusters B and C represented western Europe. 
Cluster E included accessions from central Europe and Asia. Cluster F formed a very tight. 
cluster with accessio11s from Italy, Macedonia and Tunisia. In all cases, the accessions 
whose genotypes did not cluster together had in all cases at least one of the genotypes 
Table 5. Clusters produced by principal component analysis of 
molecular marker data 
A B C D E F 
Asia western western Asia central Italy 
northern Europe Europe Europe Macedonia 
Africa Asia Tunisia 
31a 18a 19a 22b 29at 10a 
15b 18b 32a 23at 30a 10b 
16a 19b 32b la 30b 2b 
16b 20a 17a lb 31b 7at 
13b 20b 17b 2a 9a 
14a 2lat 39a 8a 9b 
14b 22a 39b 8b 36a 
3a 33b 36b 
3b 34at 26b 
33a 35a 28a 
4a 35b 28b 
4b 24a Ila 
5a 24b llb 








t = only 1 genotype for molecular analysis 
:t: = M prostrata 
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clustered in the group expected according to their geographical distribution. Finally, 






V fv f 
s f 
s f f f 
s V S f f 
V 
0 s s s f f 
f f 
f 
s s f 
-1 
s s 







-3 -2 -1 0 2 3 
CAN1 
s = subsp. sativa 
f= subsp.falcata 
v= subsp. varia 
p = M prostrata 














35a ---------,, __ _J 
35b --------
























37a -_::::::::::::::::::::,1-_ _J 37b 
9a ---------, 
9b --------
11a ---------, 11b ________ r---
36a -_::::::::::::::::::::,1-_ _J 38b 
28a -----------, 28b __________ _, 
29a ____________ __, 
30•---------------, 30h--------------' 
13a---, 
13b __ _, 
14•--~ 
14b---' 
16a -_:::::::::J--_J 16b 
15a ---------, 15b _______ __, 
31a -----------, 31b __________ _,----
19a -------------------------, 
39a ----------------------, 
39b ----------------------i 32•------------------------, 32b------------------------' 
17a -_:::::::::::::::::::::::::::::::::::::::::::::~,__ __ _ 17b 
40•.;:::::::::;:::=:;:::::::;:::=:;:::::::;:::=:;:::::::;:::=:;:::::::;:::=:;:::::::;:::=:;:::::::;:::=:;:::::::;::=:;::::::::::=:::;::::::::::=::::: 
2.00 5.00 8.00 
Coeff1Cient 
Figure 3. Neighbor-joining phylogenetic tree. 
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CHAPTER 5. DISCUSSION 
The analysis of field data showed subsp. sativa to be significantly different from 
subsp. falcata. The cluster analysis of the subspecies formed two distinguishable groups 
related to subspecies status that were not related to geographic distribution (Figure 2). 
Although there were some exceptions, this analysis indicated similarity among accessions 
based on subspecies rather than geography. This result agrees with subspecies assignments 
based on flower color and with previous research (Crochemore et al., 1996, Julier et al., 
1995). 
The objective of this study was to evaluate genetic diversity among native accessions 
of subsp. sativa and subsp. falcata, and to relate genetic diversity with geographical 
distribution. Because the native ranges of both subspecies include regions of allopatry as 
well as a broad region of sympatry, the genetic relationship between the subspecies may be 
different depending on the geographical origin of the accessions being evaluated. However, 
the results of RAPD and AFLP analysis suggested abundant genetic variation within and 
among these subspecies, but no clear classification based on subspecies status was observed. 
Differentiation was mainly along geographic origin. 
The two subspecies may not be genetically distinct because allelic differentiation 
occurred before these two subspecies separated. However, this is not likely since sufficient 
time has elapsed since the divergence of subsp. sativa and subsp. falcata for allelic 
differentiation to have occurred if the subspecies were truly isolated. A more likely 
explanation is that even the populations of each subspecies that are geographically isolated 
experience a significant amount of gene flow possibly as a result of human migration. 
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Molecular markers assess the overall genetic diversity of plant species but not the 
specific phenotypes used to distinguish species taxonomically. The markers used in this 
study were random markers that screened the entire genome. The phenotypic distinctiveness 
of subsp. sativa and subsp. falcata found in this and other studies (Crochemore et al., 1996; 
Gherardi et al., 1998) may be due to specific gene interactions and selection of particular 
alleles; other than these traits, the subspecies may be generally similar genetically. This 
study showed that the main genetic differences were related to the geographical distribution 
of alfalfa. 
The neighbor-joining method of phylogenetic analysis takes two samples at random 
and compares them among all others before deciding whether or not those two individuals 
are similar. With this method, there is no clustering of individuals at the beginning as with 
the unweighted pair group method with arithmetic mean (UPGMA), and there is only one 
interior branch in the tree. In contrast, the UPGMA method constructs phylogenetic trees if 
the rates of evolution are mainly constant so a linear relation exists between distance and 
time (Li and Graur, 1991). However, UPGMA produced similar clustering results to 
neighbor-joining (data.not shown). 
The neighbor-joining method produced interesting results. First, access10ns 
representing western Europe were found to cluster together. Although they were distributed 
through several different clusters, European accessions were significantly different from 
other accessions based on geographical distribution. There were some exceptions. For 
example two of the three diploid accessions representing Western Europe (Russia (8) and 
Italy (26) clustered together, but the third did not (Germany (18)). This result also suggested 
that clustering was not mainly determined by ploidy. Another tight group was formed by all 
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the subsp. sativa accessions representing Western Europe and Northern Africa. However, 
the accession from Algeria was not found in this group. 
The second h.;ilf of the neighbor-joining tree was mainly formed by access10ns 
representing Asia. Iran, Mongolia, Kazakhstan and Kyrgyzstan were all relatively close. 
Algeria and Turkey were also found in this cluster, and that could be explained by seed taken 
by travelers from one country to another in the early history. Although this part of the tree 
may not be as conclusive as the first half, it is still fairly clear to distinguish alfalfa 
accessions based on their geographic distribution. The M prostrata accession used as an 
outgroup was distinct from all the others, as expected. 
Principal component analysis produced results similar to neighbor-joining. This 
method showed that although some of the genotypes within accession did not cluster 
together, they were found in groups close to their original country. For example, although 
Russian genotypes did not cluster together, they were both found in groups representing 
Europe. Flower color indicated tl?-at some subsp. sativa or subsp. falcata accessions had 
variegated flowers and should be classified as subsp. varia. For the most part, these were 
accessions classified as subsp. falcata by the NPGS in GRIN but they never showed pure 
yellow flower color. These accessions clustered morphologically with subsp. sativa as 
expected according to Jenczewski et al. (1999) who concluded that wild-cultivated hybrids 
were more genetically similar to one of the parental populations (usually the wild one) than 
the other. 
There are possible explanations of why some of the genotypes within accessions did 
not cluster together. Alfalfa populations are highly heterogeneous, so variability among 
genotypes is expected. Several studies have shown variation within populations to be as high 
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as between populations. Crochemore et al. (1996) showed greater dissimilarities within 
populations of subsp. falcata. They concluded the within population variation may be a great 
source of variation for characters that have not yet been selected. Gherardi et al. (1998) 
showed significant amount of within population variation among eight different populations. 
In addition, they were never able to find two identical genotypes within a population. 
Jenczewski et al. (1999) compared the within and among variation of wild and cultivated 
alfalfa. They found the within population variation was as significant as the between 
population variation. In general in our study, the intra-accession variation was lower than 
among all accessions since the genotypes tended to cluster. This is the broadest set of 
germplasm evaluated to date, which may explain this result, contrary to previous ones. 
Applications to plant breeding 
The results of this study suggested that molecular markers are good tools to estimate 
genetic diversity among subspecies according to their geographic origin. Although 
morphological data showed subspecies to be morphologically distinct, molecular markers 
should be used to d~termine whether or not they are truly genetically distinct. When 
selecting material for breeding studies, geographical distribution and ploidy content should 
be seriously considered to choose the material that best would fit the purposes of the study. 
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APPENDIX A. FIELD DATA 
Raw data for plant height, plant width, maturity stage, and flower color measured in the 
field at Ames, IA on 10 July 1998. 
Rep Plot Ssp Ace Height Width Develop. Color 
1 1 falcata 16612 32 40 6 y 
1 1 falcata 16612 17 58 3 
1 1 falcata 16612 28" 41 6 y 
1 1 falcata 16612 39 43 6 y 
1 1 falcata 16612 27 26 6 y 
1 1 falcata 16612 38 33 6 y 
1 1 falcata 16612 21 32 2 
1 1 falcata 16612 36 22 3 
1 1 falcata 16612 36 18 2 
1 1 falcata 16612 40 43 3 
1 2 varia 5755 
1 2 varia 5755 52 29 6 p 
1 2 varia 5755 60 59 6 p 
1 2 varia 5755 57 21 6 p 
1 2 varia 5755 61 74 6 p 
1 2 varia 5755 30 19 3 
1 2 varia 5755 72 23 6 p 
1 2 varia 5755 62 27 6 p 
1 2 varia 5755 15 7 2 
1 2 varia 5755 29 23 6 p 
1 2 varia 5755 28 24 3 
1 3 falcata 5753 
1 3 falcata 5753 32 45 6 y 
1 3 falcata · 5753 29 51 6 y 
1 ·3 falcata 5753 28 39 6 y 
1 3 falcata 5753 33 36 5 y 
1 3 falcata 5753 29 35 5 y 
1 3 falcata 5753 34 53 6 y 
1 • 3 falcata 5753 35 39 6 y 
1 3 falcata 5753 33 36 5 y 
1 3 falcata 5753 31 37 6 y 
1 3 falcata 5753 
1 4 sativa 314268 
1 4 sativa 314268 
1 4 sativa 314268 
1 4 sativa 314268 
1 4 sativa 314268 29 38 5 p 
1 4 sativa 314268 40 44 3 
1 4 sativa 314268 
1 4 sativa 314268 
1 4 sativa 314268 29 31 3 
1 4 sativa 314268 44 40 3 
39 
1 4 sativa 314268 
1 5 prostrata 577 448 
1 5 prostrata 577 448 
1 5 prostrata 577 448 
1 5 prostrata 577 448 25 24 5 y 
1 5 prostrata 577 448 16 23 5 y 
1 5 prostrata 577 448 18 31 6 y 
1 5 prostrata 577 448 22 26 5 y 
1 5 prostrata 577 448 22 35 -6 y 
1 5 prostrata 577 448 
1 5 prostrata 577 448 
1 5 prostrata 577 448 
1 6 sativa 173732 
1 6 sativa 173732 
1 6 sativa 173732 50 23 6 p 
1 6 sativa 173732 56 34 6 p 
1 6 sativa 173732 
1 6 sativa 173732 59 30 6 p 
1 6 sativa 173732 
1 6 sativa 173732 
1 6 sativa 173732 
1 6 sativa 173732 
1 6 sativa 173732 
1 7 sativa 26590 
1 7 sativa 26590 
1 7 sativa 26590 55 51 5 p 
1 7 sativa 26590 
1 7 sativa 26590 
1 7 sativa 26590 
1 7 sativa 26590 
1 7 sativa 26590 
1 7 sativa 26590 
1 7 sativa 26590 39 23 5 p 
1 7 sativa 26590 55 39 5 p 
1 8 varia 502440 
1 8 varia 502440 
1 8 varia 502440 61 35 6 y 
1 8 varia 502440 62 48 6 y 
1 8 varia 502440 43 37 6 y 
1 8 varia 502440 44 47 6 y 
1 8 varia 502440 
1 8 varia 502440 
1 8 varia 502440 
1 8 varia 502440 
1 8 varia 502440 
1 9 falcata 494661 
1 9 falcata 494661 40 61 6 y 
1 9 falcata 494661 31 25 5 y 
40 
1 9 falcata 494661 40 28 5 y 
1 9 falcata 494661 28 37 6 y 
1 9 falcata 494661 27 40 6 y 
1 9 falcata 494661 33 39 5 y 
1 9 falcata 494661 20 35 3 
1 9 falcata 494661 20 44 6 y 
1 9 falcata 494661 35 39 5 y 
1 9 falcata 494661 26· 50 6 y 
1 10 sativa 516588 
1 10 sativa 516588 
1 10 sativa 516588 
1 10 sativa 516588 
1 10 sativa 516588 
1 10 sativa 516588 
1 10 sativa 516588 
1 10 sativa 516588 
1 10 sativa 516588 
1 10 sativa 516588 
1 10 sativa 516588 
1 11 sativa 314706 
1 11 sativa 314706 32 48 5 
1 11 sativa 314706 39 53 5 
1 11 sativa 314706 44 40 6 p 
1 11 sativa 314706 51 48 6 p 
1 11 sativa 314706 51 44 6 p 
1 11 sativa 314706 41 25 3 
1 11 sativa 314706 
1 11 sativa 314706 
1 11 sativa 314706 
1 11 sativa 314706 
1 12 falcata 5756 
1 12 falcata 5756 33 30 5 y 
1 12 falcata 5756 32 51 6 y 
1 12 falcata 5756 27 33 3 
1 12 falcata 5756 41 46 6 y 
1 12 falcata 5756 56 49 6 y 
1 12 falcata 5756 47 43 5 y 
1 12 falcata 5756 40 52 5 y 
1 12 falcata 5756 44 40 5 y 
1 12 falcata 5756 34 24 3 
1 12 falcata 5756 41 25 5 y 
1 13 sativa 502425 
1 13 sativa 502425 38 40 5 p 
1 13 sativa 502425 38 35 5 p 
1 13 sativa 502425 56 33 5 p 
1 13 sativa 502425 35 28 3 
1 13 sativa 502425 37 29 3 
1 13 sativa 502425 33 42 3 
41 
1 13 sativa 502425 40 26 3 
1 13 sativa 502425 45 25 3 
1 13 sativa 502425 
1 13 sativa 502425 
1 14 falcata 5872 
1 14 falcata 5872 20 56 5 y 
1 14 falcata 5872 33 39 5 y 
1 14 falcata 5872 
1 14 falcata 5872 33 29 5 y 
1 14 falcata 5872 28 29 3 
1 14 falcata 5872 41 21 5 y 
1 14 falcata 5872 34 20 5 y 
1 14 falcata 5872 44 32 5 y 
1 14 falcata 5872 27 25 5 y 
1 14 falcata 5872 29 26 5 y 
1 15 varia 494658 
1 15 varia 494658 37 25 5 p 
1 15 varia 494658 43 30 6 p 
1 15 varia 494658 40 24 6 p 
1 15 varia 494658 48 33 6 p 
1 15 varia 494658 63 34 6 p 
1 15 varia 494658 56 42 6 p 
1 15 varia 494658 52 39 6 p 
1 15 varia 494658 62 37 6 p 
1 15 varia 494658 54 52 6 p 
1 15 varia 494658 
1 16 sativa 499661 
1 16 sativa 499661 33 57 6 y 
1 16 sativa 499661 44 49 6 y 
1 16 sativa 499661 38 46 6 y 
1 16 sativa 499661 43 54 6 y 
1 16 sativa 499661 47 52 6 y 
1 16 sativa 499661 45 55 6 y 
1 16 sativa 499661 36 52 6 y 
1 16 sativa 499661 49 47 6 y 
1 16 sativa 499661 43 49 6 y 
1 16 sativa 499661 36 52 6 y 
1 17 sativa 420396 
1 17 sativa 420396 
1 17 sativa 420396 
1 17 sativa 420396 
1 17 sativa 420396 56 29 6 p 
1 17 sativa 420396 55 40 6 p 
1 17 sativa 420396 
1 17 sativa 420396 
1 17 sativa 420396 
1 17 sativa 420396 
1 17 sativa 420396 
42 
1 18 varia 5744 
1 18 varia 5744 
1 18 varia 5744 40 27 5 y 
1 18 varia 5744 75 50 5 p 
1 18 varia 5744 47 30 5 p 
1 18 varia 5744 42 34 5 p 
1 18 varia 5744 44 26 5 p 
1 18 varia 5744 40 46 5 p 
1 18 varia 5744 52 29 5 y 
1 18 varia 5744 40 32 5 p 
1 18 varia 5744 48 41 5 p 
1 19 falcata 14153 
1 19 falcata 14153 
1 19 falcata 14153 36 40 6 y 
1 19 falcata 14153 49 47 6 y 
1 19 falcata 14153 
1 19 falcata 14153 26 30 6 y 
1 19 falcata 14153 28 22 5 y 
1 19 falcata 14153 34 40 5 y 
1 19 falcata 14153 
1 19 falcata 14153 36 48 6 y 
1 19 falcata 14153 36 41 6 y 
1 20 falcata 577557 
1 20 falcata 577557 32 46 6 y 
1 20 falcata 577557 45 36 6 y 
1 20 falcata 577557 39 43 6 y 
1 20 falcata 577557 33 60 6 y 
1 20 falcata 577557 41 34 5 y 
1 20 falcata 577557 
1 20 falcata 577557 
1 20 falcata 577557 
1 .20 falcata 577557 
1 20 falcata 577557 
1 21 sativa 250975 
1 21 sativa 250975 
1 21 sativa 250975 
1 21 sativa 250975 54 32 6 p 
1 21 sativa 250975 
1 21 sativa 250975 58 36 6 p 
1 21 sativa 250975 
1 21 sativa 250975 66 34 6 p 
1 21 sativa 250975 
1 21 sativa 250975 
1 21 sativa 250975 58 39 6 p 
1 22 falcata 234815 
1 22 falcata 234815 37 48 6 y 
1 22 falcata 234815 33 51 6 y 
1 22 falcata 234815 22 54 6 y 
43 
1 22 falcata 234815 22 36 5 y 
1 22 falcata 234815 68 40 6 y 
1 22 falcata 234815 32 36 5 y 
1 22 falcata 234815 37 49 5 y 
1 22 falcata 234815 32 39 5 y 
1 22 falcata 234815 24 34 6 y 
1 22 falcata 234815 39 30 6 y 
1 23 falcata 325384 
1 23 falcata 325384 
1 23 falcata 325384 54 28 6 p 
1 23 falcata 325384 46 33 6 p 
1 23 falcata 325384 55 38 6 p 
1 23 falcata 325384 43 30 6 p 
1 23 falcata 325384 37 21 6 p 
1 23 falcata 325384 
1 23 falcata 325384 
1 23 falcata 325384 
1 23 falcata 325384 52 36 6 p 
1 24 falcata 577560 
1 24 falcata 577560 27 42 6 y 
1 24 falcata 577560 39 42 6 y 
1 24 falcata 577560 38 46 6 y 
1 24 falcata 577560 32 45 6 y 
1 24 falcata 577560 32 37 6 y 
1 24 falcata 577560 27 36 6 y 
1 24 falcata 577560 27 39 6 y 
1 24 falcata 577560 39 32 6 y 
1 24 falcata 577560 31 28 5 y 
1 24 falcata 577560 27 42 6 y 
1 25 sativa 577574 
1 25 sativa 577574 44 33 5 p 
1 25 sativa 577574 31 21 3 
1 25 sativa 577574 
1 25 sativa 577574 50 34 6 p 
1 25 sativa 577574 47 28 6 p 
1 25 sativa 577574 56 33 6 p 
1 25 sativa 577574 68 47 6 p 
1 25 sativa 577574 58 44 6 p 
1 25 sativa 577574 54 42 6 p 
1 25 sativa 577574 40 27 6 p 
1 26 falcata 5768 
1 26 falcata 5768 30 44 6 y 
1 26 falcata 5768 21 15 6 y 
1 26 falcata 5768 29 27 6 y 
1 26 falcata 5768 27 30 6 y 
1 26 falcata 5768 18 16 4 
1 26 falcata 5768 30 37 6 y 
1 26 falcata 5768 27 28 4 
44 
1 26 falcata 5768 28 36 4 
1 26 falcata 5768 23 39 5 y 
1 26 falcata 5768 
1 27 sativa 577478 
1 27 sativa 577478 
1 27 sativa 577478 
1 27 sativa 577478 
1 27 sativa 577478 
1 27 sativa 577478 
1 27 sativa 577478 
1 27 sativa 577478 49 23 6 p 
1 27 sativa 577478 
1 27 sativa 577478 
1 27 sativa 577478 
1 28 falcata 499664 
1 28 falcata 499664 43 45 6 y 
1 28 falcata 499664 45 40 6 y 
1 28 falcata 499664 37 22 5 y 
1 28 falcata 499664 46 43 6 y 
1 28 falcata 499664 38 34 6 y 
1 28 falcata 499664 42 44 6 y 
1 28 falcata 499664 
1 28 falcata 499664 
1 28 falcata 499664 35 47 6 y 
1 28 falcata 499664 33 40 6 y 
1 29 sativa 314713 
1 29 sativa 314713 
1 29 sativa 314713 44 38 6 p 
1 29 sativa 314713 
1 29 sativa 314713 
1 29 sativa 314713 
1 29 sativa 314713 
1 29 sativa 314713 
1 29 sativa 314713 
1 29 sativa 314713 
1 29 sativa 314713 
1 30 varia 253451 
1 30 varia 253451 57 48 6 V 
1 30 varia 253451 43 37 6 V 
1 30 varia 253451 45 38 5 p 
1 30 varia 253451 45 30 5 y 
1 30 varia 253451 33 37 5 y 
1 30 varia 253451 43 40 6 p 
1 30 varia 253451 42 25 5 p 
1 30 varia 253451 56 49 6 p 
1 30 varia 253451 24 20 5 p 
1 30 varia 253451 
1 31 sativa 251836 
45 
1 31 sativa 251836 
1 31 sativa 251836 64 38 6 p 
1 31 sativa 251836 48 19 6 p 
1 31 sativa 251836 
1 31 sativa 251836 
1 31 sativa 251836 
1 31 sativa 251836 
1 31 sativa 251836 46 34 6 p 
1 31 sativa 251836 
1 31 sativa 251836 
1 32 sativa 577466 
1 32 sativa 577466 68 31 6 p 
1 32 sativa 577466 28 22 6 p 
1 32 sativa 577466 48 39 6 p 
1 32 sativa 577466 43 35 6 p 
1 32 sativa 577466 41 29 5 p 
1 32 sativa 577466 38 20 6 p 
1 32 sativa 577466 40 26 6 p 
1 32 sativa 577466 33 16 4 
1 32 sativa 577466 23 13 3 
1 32 sativa 577466 37 29 5 p 
1 33 falcata 494663 
1 33 falcata 494663 32 28 5 y 
1 33 falcata 494663 33 36 5 y 
1 33 falcata 494663 31 28 5 y 
1 33 falcata 494663 35 38 5 y 
1 33 falcata 494663 32 30 5 y 
1 33 falcata 494663 37 14 4 
1 33 falcata 494663 31 30 5 y 
1 33 falcata 494663 26 48 5 y 
1 33 falcata 494663 34 42 5 y 
1 33 falcata 494663 34 39 4 
1 34 sativa 577496 
1 34 sativa 577496 
1 34 sativa 577496 
1 34 sativa 577496 
1 34 sativa 577496 
1 34 sativa 577496 
1 34 sativa 577496 
1 34 sativa 577496 
1 34 sativa 577496 
1 34 sativa 577496 
1 34 sativa 577496 
1 35 varia 440520 
1 35 varia 440520 
1 35 varia 440520 56 65 6 y 
1 35 varia 440520 31 20 5 y 
1 35 varia 440520 45 28 6 y 
46 
1 35 varia 440520 42 23 6 y 
1 35 varia 440520 62 40 5 y 
1 35 varia 440520 78 35 6 y 
1 35 varia 440520 75 42 6 y 
1 35 varia 440520 
1 35 varia 440520 
1 36 sativa 384890 
1 36 sativa 384890 
1 36 sativa 384890 23 35 4 
1 36 sativa 384890 21 19 5 p 
1 36 sativa 384890 
1 36 sativa 384890 21 33 4 
1 36 sativa 384890 28 31 5 p 
1 36 sativa 384890 23 33 5 p 
1 36 sativa 384890 29 27 5 p 
1 36 sativa 384890 36 40 5 p 
1 36 sativa 384890 
1 37 falcata 5842 
1 37 falcata 5842 38 41 5 y 
1 37 falcata 5842 33 50 5 y 
1 37 falcata 5842 47 39 5 y 
1 37 falcata 5842 29 26 5 y 
1 37 falcata 5842 24 33 5 y 
1 37 falcata 5842 35 41 4 
1 37 falcata 5842 39 52 5 y 
1 37 falcata 5842 19 14 4 
1 37 falcata 5842 40 37 6 y 
1 37 falcata 5842 34 46 6 y 
1 38 falcata 577562 
1 38 falcata 577562 34 36 5 y 
1 38 falcata 577562 50 54 5 y 
1 38 falcata 577562 40 58 6 y 
1 38 falcata 577562 38 42 6 y 
1 38 falcata 577562 34 30 6 y 
1 38 falcata 577562 45 49 5 y 
1 38 falcata 577562 38 34 6 y 
1 38 falcata 577562 
1 38 falcata 577562 34 29 6 y 
1 38 falcata 577562 
1 40 varia 5741 
1 40 varia 5741 
1 40 varia 5741 
1 40 varia 5741 
1 40 varia 5741 
1 40 varia 5741 
1 40 varia 5741 
1 40 varia 5741 
1 40 varia 5741 
47 
1 40 varia 5741 
1 40 varia 5741 
1 39 sativa 517243 
1 39 sativa 517243 
1 ,39 sativa 517243 20 60 5 y 
1 39 sativa 517243 54 48 5 y 
1 39 sativa 517243 50 37 5 y 
1 39 sativa 517243 52 44 5 y 
1 39 sativa 517243 51 40 5 V 
1 39 sativa 517243 59 36 5 V 
1 39 sativa 517243 65 43 5 V 
1 39 sativa 517243 62 38 5 y 
1 39 sativa 517243 63 51 5 y 
2 41 varia 5755 
2 41 varia 5755 53 50 6 p 
2 41 varia 5755 55 36 5 V 
2 41 varia 5755 66 48 6 V 
2 41 varia 5755 73 54 6 p 
2 41 varia 5755 41 23 6 p 
2 41 varia 5755 67 54 6 p 
2 41 varia 5755 58 47 6 p 
2 41 varia 5755 54 45 6 p 
2 41 varia 5755 47 45 5 p 
2 41 varia 5755 42 38 5 V 
2 42 sativa 516588 
2 42 sativa 516588 
2 42 sativa 516588 
2 42 sativa 516588 
2 42 sativa 516588 
2 42 sativa 516588 
2 42 sativa 516588 
2 42 sativa 516588 
2 42 sativa 516588 
2 42 sativa 516588 
2 42 sativa 516588 
2 43 falcata 14153 
2 43 falcata 14153 43 49 6 y 
2 43 falcata 14153 25 26 6 y 
2 43 falcata 14153 27 33 6 y 
2 43 falcata 14153 47 41 6 y 
2 43 falcata 14153 26 36 6 y 
2 43 falcata 14153 23 32 5 y 
2 43 falcata 14153 20 25 5 y 
2 43 falcata 14153 
2 43 falcata 14153 44 47 6 y 
2 43 falcata 14153 52 55 6 y 
2 44 falcata 494663 
2 44 falcata 494663 43 48 6 y 
48 
2 44 falcata 494663 
2 44 falcata 494663 54 44 6 y 
2 44 falcata 494663 44 49 6 y 
2 44 falcata 494663 45 51 6 y 
2 44 falcata 494663 47 42 6 y 
2 44 falcata 494663 24 35 6 y 
2 44 falcata 494663 41 50 6 y 
2 44 falcata 494663 55 39 6 y 
2 44 falcata 494663 40 36 6 y 
2 45 falcata 577560 
2 45 falcata 577560 50 55 6 y 
2 45 falcata 577560 41 65 6 y 
2 45 falcata 577560 66 54 6 y 
2 45 falcata 577560 53 38 6 y 
2 45 falcata 577560 39 44 6 y 
2 45 falcata 577560 33 40 6 y 
2 45 falcata 577560 40 44 6 y 
2 45 falcata 577560 33 55 6 y 
2 45 falcata 577560 39 42 6 y 
2 45 falcata 577560 34 49 6 y 
2 46 sativa 499661 
2 46 sativa 499661 
2 46 sativa 499661 30 52 6 y 
2 46 sativa 499661 49 39 6 y 
2 46 sativa 499661 48 40 6 y 
2 46 sativa 499661 44 36 6 y 
2 46 sativa 499661 44 51 6 y 
2 46 sativa 499661 28 18 6 y 
2 46 sativa 499661 22 13 6 y 
2 46 sativa 499661 39 35 6 y 
2 46 sativa 499661 31 48 6 y 
2 47 sativa 517243 
2 47 sativa 517243 
2 47 sativa 517243 
2 47 sativa 517243 
2 47 sativa 517243 
2 47 sativa 517243 
2 47 sativa 517243 
2 47 sativa 517243 
2 47 sativa 517243 
2 47 sativa 517243 
2 47 sativa 517243 
2 48 falcata 499664 
2 48 falcata 499664 39 47 6 y 
2 48 falcata 499664 35 50 6 y 
2 48 falcata 499664 54 52 6 y 
2 48 falcata 499664 28 39 6 y 
2 48 falcata 499664 51 45 6 y 
49 
2 48 falcata 499664 36 33 6 y 
2 48 falcata 499664 50 39 6 y 
2 48 falcata 499664 43 39 6 y 
2 48 falcata 499664 44 42 6 y 
2 48 falcata 499664 
2 49 sativa 26590 
2 49 sativa 26590 
2 49 sativa 26590 28 17 5 y 
2 49 sativa 26590 
2 49 sativa 26590 
2 49 sativa 26590 
2 49 sativa 26590 
2 49 sativa 26590 
2 49 sativa 26590 
2 49 sativa 26590 
2 49 sativa 26590 
2 50 sativa 314268 
2 50 sativa 314268 
2 50 sativa 314268 43 27 4 
2 50 sativa 314268 
2 50 sativa 314268 36 42 4 
2 50 sativa 314268 33 40 5 p 
2 50 sativa 314268 43 42 4 
2 50 sativa 314268 30 16 4 
2 50 sativa 314268 37 31 4 
2 50 sativa 314268 41 22 5 p 
2 50 sativa 314268 24 35 5 p 
2 51 falcata 577562 
2 51 falcata 577562 44 54 6 y 
2 51 falcata 577562 
2 51 falcata 577562 44 40 6 y 
2 51 falcata 577562 40 45 6 y 
2 51 falcata 577562 42 50 6 y 
2 51 falcata 577562 49 40 6 y 
2 51 falcata 577562 50 43 6 y 
2 51 falcata 577562 47 58 6 y 
2 51 falcata 577562 29 37 6 y 
2 51 falcata 577562 51 54 6 y 
2 52 sativa 173732 
2 52 sativa 173732 55 52 6 p 
2 52 sativa 173732 
2 52 sativa 173732 58 32 6 p 
2 .52 sativa 173732 46 29 6 p 
2 52 sativa 173732 61 33 6 p 
2 52 sativa 173732 59 34 6 p 
2 52 sativa 173732 
2 52 sativa 173732 37 23 6 p 
2 52 sativa 173732 42 33 6 p 
50 
2 52 sativa 173732 56 34 6 p 
2 53 sativa 577574 
2 53 sativa 577574 
2 53 sativa 577574 43 32 5 p 
2 53 sativa 577574 42 30 5 p 
2 53 sativa 577574 28 14 5 p 
2 53 sativa 577574 48 30 5 p 
2 53 sativa 577574 52 26 6 p 
2 53 sativa 577574 61 34 6 p 
2 53 sativa 577574 57 40 6 p 
2 53 sativa 577574 
2 53 sativa 577574 
2 54 sativa 577496 
2 · 54 sativa 577496 
2 54 sativa 577496 
2 54 sativa 577496 
2 54 sativa 577496 
2 54 sativa 577496 
2 54 sativa 577496 
2 54 sativa 577496 
2 54 sativa 577496 
2 54 sativa 577496 
2 54 sativa 577496 
2 55 falcata 5768 
2 55 falcata 5768 52 40 6 y 
2 55 falcata 5768 
2 55 falcata 5768 
2 55 falcata 5768 
2 55 falcata 5768 38 32 5 y 
2 55 falcata 5768 46 34 5 y 
2 55 falcata 5768 23 31 5 y 
2 55 falcata 5768 35 44 6 y 
2 55 falcata 5768 34 41 6 y 
2 55 falcata 5768 32 36 6 y 
2 56 sativa 384890 
2 56 sativa 384890 
2 56 sativa 384890 22 36 5 p 
2 56 sativa 384890 31 32 5 p 
2 56 sativa 384890 
2 56 sativa 384890 
2 56 sativa 384890 28 50 5 p 
2 56 sativa 384890 32 30 5 p 
2 56 sativa 384890 
2 56 sativa 384890 23 20 5 p 
2 56 sativa 384890 25 23 5 p 
2 57 varia 440520 
2 57 varia 440520 
2 57 varia 440520 52 44 6 y 
51 
2 57 varia 440520 60 35 6 y 
2 57 varia 440520 49 51 6 y 
2 57 varia 440520 52 31 6 y 
2 57 varia 440520 53 52 6 y 
2 57 varia 440520 59 35 6 y 
2 57 varia 440520 51 23 6 y 
2 57 varia 440520 
2 57 varia 440520 53 32 6 y 
2 58 varia 253451 
2 58 varia 253451 41 32 5 p 
2 58 varia 253451 60 39 5 p 
2 58 varia 253451 55 46 5 p 
2 58 varia 253451 51 39 5 p 
2 58 varia 253451 51 43 5 p 
2 58 varia 253451 56 34 5 p 
2 58 varia 253451 52 37 6 p 
2 58 varia 253451 42 39 6 p 
2 58 varia 253451 56 31 6 p 
2 58 varia 253451 48 34 6 p 
2 59 sativa 314706 
2 59 sativa 314706 70 49 6 p 
2 59 sativa 314706 60 46 6 p 
2 59 sativa 314706 61 42 6 p 
2 59 sativa 314706 69 53 6 p 
2 59 sativa 314706 75 54 6 p 
2 59 sativa 314706 44 36 5 p 
2 59 sativa 314706 
2 59 sativa 314706 
2 59 sativa 314706 
2 59 sativa 314706 
2 60 falcata 16612 
2 60 falcata 16612 
2 60 falcata 16612 57 39 4 
2 60 falcata 16612 
2 60 falcata 16612 
2 60 falcata 16612 
2 60 falcata 16612 
2 60 falcata 16612 
2 60 falcata 16612 41 26 4 
2 60 falcata 16612 38 38 6 y 
2 60 falcata 16612 63 46 6 y 
2 61 sativa 250975 
2 61 sativa 250975 
2 61 sativa 250975 
2 61 sativa 250975 
2 61 sativa 250975 54 30 6 p 
2 61 sativa 250975 56 41 6 p 
2 61 sativa 250975 
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2 61 sativa 250975 
2 61 sativa 250975 
2 61 sativa 250975 76 46 6 p 
2 61 sativa 250975 63 29 6 p 
2 62 varia 494658 
2 62 varia 494658 70 43 6 p 
2 62 varia 494658 33 22 6 p 
2 62 varia 494658 53 35 6 p 
2 62 varia 494658 49 40 6 p 
2 62 varia 494658 65 28 6 p 
2 62 varia 494658 54 50 6 p 
2 62 varia 494658 45 32 6 p 
2 62 varia 494658 
2 62 varia 494658 
2 62 varia 494658 66 33 6 p 
2 63 sativa 314713 
2 63 sativa 314713 62 40 6 p 
2 63 sativa 314713 56 36 6 p 
2 63 sativa 314713 
2 63 sativa 314713 
2 63 sativa 314713 36 13 4 
2 63 sativa 314713 59 34 6 p 
2 63 sativa 314713 60 33 6 p 
2 63 sativa 314713 
2 63 sativa 314713 52 33 5 p 
2 63 sativa 314713 
2 64 prostrata 577 448 
2 64 prostrata 577 448 
2 64 prostrata 577 448 
2 64 prostrata 577 448 
2 64 prostrata 577 448 32 31 6 y 
2 64 prostrata 577 448 31 44 6 y 
2 64 prostrata 577 448 23 29 6 y 
2 64 prostrata 577 448 
2 64 prostrata 577 448 
2 64 prostrata 577 448 
2 64 prostrata 577 448 
2 65 sativa 420396 
2 65 sativa 420396 
2 65 sativa 420396 
2 65 sativa 420396 
2 65 sativa 420396 
2 65 sativa 420396 
2 65 sativa 420396 
2 65 sativa 420396 
2 65 sativa 420396 
2 65 sativa 420396 
2 65 sativa 420396 
53 
2 66 varia 5744 
2 66 varia 5744 61 64 5 p 
2 66 varia 5744 54 47 5 y 
2 66 varia 5744 54 39 5 p 
2 66 varia 5744 48 44 5 p 
2 66 varia 5744 30 23 6 p 
2 66 varia 5744 60 60 6 p 
2 66 varia 5744 56 46 5 p 
2 66 varia 5744 41 33 5 y 
2 66 varia 5744 26 16 5 p 
2 66 varia 5744 56 54 5 p 
2 67 sativa 577466 
2 67 sativa 577466 
2 67 sativa 577466 54 48 6 p 
2 67 sativa 577466 
2 67 sativa 577466 42 45 5 p 
2 67 sativa 577466 
2 67 sativa 577466 28 24 5 p 
2 67 sativa 577466 35 38 5 p 
2 67 sativa 577466 
2 67 sativa 577466 30 12 4 
2 67 sativa 577466 18 10 4 
2 68 falcata 5756 
2 68 falcata 5756 56 52 6 y 
2 68 falcata 5756 33 38 6 y 
2 68 falcata 5756 47 33 6 y 
2 68 falcata 5756 59 40 6 y 
2 68 falcata 5756 72 48 6 y 
2 68 falcata 5756 67 40 6 y 
2 68 falcata 5756 33 29 6 y 
2 68 falcata 5756 43 37 6 y 
2 68 falcata 5756 47 50 6 y 
2 68 falcata 5756 
2 69 falcata 325384 
2 69 falcata 325384 58 33 6 p 
2 69 falcata 325384 57 31 6 p 
2 69 falcata 325384 63 44 6 p 
2 69 falcata 325384 61 42 6 p 
2 69 falcata 325384 66 33 6 p 
2 69 falcata 325384 46 32 6 p 
2 69 falcata 325384 70 45 6 p 
2 69 falcata 325384 67 46 6 p 
2 69 falcata 325384 66 36 6 p 
2 69 falcata 325384 39 30 6 p 
2 70 falcata 5842 
2 70 falcata 5842 46 67 6 y 
2 70 falcata 5842 29 30 6 y 
2 70 falcata 5842 39 53 4 
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2 70 falcata 5842 26 21 5 y 
2 70 falcata 5842 25 24 6 y 
2 70 falcata 5842 31 46 6 y 
2 70 falcata 5842 30 23 6 y 
2 70 falcata 5842 35 40 6 y 
2 70 falcata 5842 
2 70 falcata 5842 
2 71 sativa 251836 
2 71 sativa 251836 
2 71 sativa 251836 
2 71 sativa 251836 
2 71 sativa 251836 
2 71 sativa 251836 32 18 6 p 
2 71 sativa 251836 58 35 6 p 
2 71 sativa 251836 75 38 6 p 
2 71 sativa 251836 
2 71 sativa 251836 48 23 6 p 
2 71 sativa 251836 65 29 6 p 
2 72 varia 502440 
2 72 varia 502440 53 50 6 y 
2 72 varia 502440 69 42 6 y 
2 72 varia 502440 55 48 6 y 
2 72 varia 502440 62 54 6 y 
2 72 varia 502440 67 51 6 y 
2 72 varia 502440 
2 72 varia 502440 
2 72 varia 502440 
2 72 varia 502440 
2 72 varia 502440 
2 73 falcata 577557 
2 73 falcata 577557 60. 24 6 y 
2 73 falcata 577557 48 41 6 y 
2 73 falcata 577557 34 42 6 y 
2 73 falcata 577557 49 32 6 y 
2 73 falcata 577557 37 34 6 y 
2 73 falcata 577557 38 23 6 y 
2 73 falcata 577557 
2 73 falcata 577557 
2 73 falcata 577557 
2 73 falcata 577557 
2 74 sativa 577478 
2 74 sativa 577478 
2 74 sativa 577478 
2 74 sativa 577478 
2 74 sativa 577478 
2 74 sativa 577478 44 37 6 p 
2 74 sativa 577478 
2 74 sativa 577478 
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2 74 sativa 577478 
2 74 sativa 577478 
2 74 sativa 577478 
2 75 sativa 502425 
2 75 sativa 502425 52 54 4 
2 75 sativa 502425 40 42 5 p 
2 75 sativa 502425 44 39 6 p 
2 75 sativa 502425 39 33 4 
2 75 sativa 502425 39 46 5 p 
2 75 sativa 502425 43 40 6 p 
2 75 sativa 502425 42 34 4 
2 75 sativa 502425 
2 75 sativa 502425 
2 75 sativa 502425 
2 76 falcata 494661 
2 76 falcata 494661 31 44 6 y 
2 76 falcata 494661 
2 76 falcata 494661 40 47 6 y 
2 76 falcata 494661 40 42 6 y 
2 76 falcata 494661 26 26 6 y 
2 76 falcata 494661 44 41 6 y 
2 76 falcata 494661 48 46 6 y 
2 76 falcata 494661 35 44 6 y 
2 76 falcata 494661 33 41 6 y 
2 76 falcata 494661 36 34 6 y 
2 77 varia 5741 
2 77 varia 5741 66 54 5 y 
2 77 varia 5741 65 42 5 V 
2 77 varia 5741 56 38 5 V 
2 77 varia 5741 65 53 6 y 
2 77 varia 5741 54 35 6 y 
2 77 varia 5741 55 43 6 p 
2 77 varia 5741 48 35 6 y 
2 77 varia 5741 53 19 6 y 
2 77 varia 5741 59 52 6 y 
2 77 varia 5741 58 24 6 y 
2 78 falcata 5753 
2 78 falcata 5753 61 48 6 y 
2 78 falcata 5753 22 58 6 y 
2 78 falcata 5753 32 44 6 y 
2 78 falcata 5753 32 39 6 y 
2 78 falcata 5753 38 40 6 y 
2 78 falcata 5753 53 35 6 y 
2 78 falcata 5753 33 29 6 y 
2 78 falcata 5753 45 40 6 y 
2 78 falcata 5753 36 21 6 y 
2 78 falcata 5753 38 33 6 y 
2 79 falcata 5872 
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2 79 falcata 5872 
2 79 falcata 5872 
2 79 falcata 5872 33 18 6 y 
2 79 falcata 5872 50 61 6 y 
2 79 falcata 5872 41 37 6 y 
2 79 falcata · 5872 36 40 6 y 
2 79 falcata 5872 22 18 6 y 
2 79 falcata 5872 29 25 6 y 
2 79 falcata 5872 44 27 6 y 
2 79 falcata 5872 61 58 6 y 
2 80 falcata 234815 
2 80 falcata 234815 50 48 6 y 
2 80 falcata 234815 32 18 6 y 
2 80 falcata 234815 41 20 6 y 
2 80 falcata 234815 49 36 6 y 
2 80 falcata 234815 44 43 6 y 
2 80 falcata 234815 32 36 6 y 
2 80 falcata 234815 36 29 6 y 
2 80 falcata 234815 37 36 6 y 
2 80 falcata 234815 32 37 6 y 
2 80 falcata 234815 52 43 6 y 
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APPENDIX B. MEANS OF FIELD DATA 
Raw Data 
Means of accessions for plant height, plant width, maturity stage, flower color and 
winter survival measured in the field at Ames, IA on 10 July, 1998. 
ACC Subsp MHT MWD MMAT MFC NOPLT 
5741 varia 55.8 38.8 5.5 2.6 5.0 
5744 varia 48.1 38.8 5.1 1.4 9.5 
5753 falcata 35.3 40.0 5.8 3.0 9.5 
5755 varia 51.1 37.3 5.4 1.2 10.0 
5756 falcata 45.1 40.0 5.5 3.0 9.5 
5768 falcata 31.5 33.5 5.4 3.0 6.5 
5842 fal.cata 33.2 38.0 5.3 3.0 9.0 
5872 falcata 35.8 33.1 5.4 3.0 8.5 
14153 falcata 34.6 38.3 5.7 3.0 8.0 
16612 falcata 40.6 36.4 4.7 3.0 7.0 
26590 sativa 38.8 27.3 5.0 2.0 2.0 
173732 sativa 53.4 31.4 6.0 1.0 5.5 
234815 falcata 37.6 38.2 5.8 2.9 10.0 
250975 sativa 60.8 35.3 6.0 1.0 3.5 
251836 sativa 54.1 29.5 6.0 1.0 4.0 
253451 varia 47.2 36.7 5.4 1.3 9.5 
314268 sativa 35.7 35.1 3.9 1.0 6.0 
314706 sativa 53.1 44.8 5.5 2.5 6.0 
314713 sativa 49.1 34.8 5.8 1.0 3.5 
325384 falcata 53.6 34.1 6.0 1.0 8.0 
384890 sativa 26.3 31.5 4.9 1.0 6.5 
420396 sativa 57.6 35.2 6.2 1.0 1.0 
440520 varia 54.6 37.0 5.9 3.0 7.5 
494658 varia 52.5 35.2 5.9 1.0 8.5 
494661 falcata 33.5 40.2 5.7 3.0 9.0 
494663 falcata 38.1 38.5 5.4 3.0 9.5 
499661 sativa 39.3 44.1 6.0 3.0 9.5 
499664 falcata 41.0 41.1 5.9 3.0 8.5 
502425 sativa 41.5 36.7 4.3 1.0 7.5 
502440 varia 56.9 45.4 6.0 3.0 4.5 
516588 sativa 0.0 
517243 sativa 55.0 44.8 5.2 2.7 4.5 
577448 prostrata 25.7 31.0 5.8 3.0 8.1 
577466 sativa 37.2 27.8 5.1 1.0 8.0 
577478 sativa 46.5 30.0 6.0 1.0 1.0 
577496 sativa 0.0 
577557 falcata 41.2 38.2 5.9 3.0 5.5 
577560 falcata 37.4 43.8 6.0 3.0 10.0 
577562 falcata 41.6 44.1 5.8 3.0 8.5 
577574 sativa 48.5 31.9 5.5 1.0 8.0 
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APPENDIX C. MOLECULAR MARKER SCORES 
Data matrix for 70 M. sativa genotypes scored as presence (1) or absence (2), for 308 bands 
produced by 12 markers. 
Marker Size Alfalfa Genotypes t 
1a 1b 18a 18b 2a 2b 19a 19b 20a 20b 3a 3b 33a 33b 4a 4b 21a Sa Sb 6a 
T24+E2S 420 1 1 1 1 1 0 0 1 0 1 0 1 1 0 0 0 0 1 1 1 
400 1 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 1 1 1 
360 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
350 0 0 0 
340 0 0 0 
330 1 1 1 
320 0 0 0 
310 0 0 0 
300 1 0 0 
291 0 0 0 
290 0 0 0 
282 1 0 1 
280 0 1 1 
278 1 1 0 
272 0 0 0 
270 0 0 0 
250 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
1 1 0 0 1 
0 1 0 0 0 










0 0 0 
0 0 0 
0 0 0 
0 0 0 
1 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
248 1 1 0 0 0 0 0 
247 1 1 0 0 0 0 0 
246 1 1 0 0 1 0 0 
230 0 0 0 0 0 0 0 
220 0 0 0 0 0 0 0 
212 1 1 1 1 1 1 1 
210 0 0 0 . 0 0 0 0 
208 1 1 1 1 1 1 1 
206 0 0 0 0 0 0 0 
175 0 0 0 0 0 0 0 
172 0 0 0 0 0 0 0 
170 1 1 1 
168 0 0 0 
166 0 0 0 
1 1 0 0 
0 0 0 0 




















































0 0 0 0 
0 0 0 0 
1 1 1 1 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 1 1 1 
0 0 1 0 
1 0 1 0 
0 0 1 0 
0 0 0 0 
0 0 0 1 
0 0 0 1 
0 1 1 0 
0 0 0 0 
0 0 0 0 
1 1 1 1 
0 0 0 0 
1 1 1 1 
0 0 0 0 
0 1 0 0 
0 1 1 1 
1 1 1 1 
0 0 0 0 
0 1 1 0 
0 000 000 
0 000 000 
0 011 111 
0 000 000 





















0 0 0 
0 0 0 
0 0 0 
0 0 0 
1 1 1 
0 0 0 
0 0 0 
0 1 0 
0 0 0 
0 0 0 
0 1 1 
0 1 0 
0 1 1 
0 0 0 
1 1 1 
0 0 0 
0 1 0 
0 0 0 
0 1 0 
0 0 0 
1 1 1 0 
0 0 0 1 
0 1 1 0 
0 0 0 
0 0 0 
0 0 0 
1 1 1 
1 1 0 
1 1 1 
0 0 0 
1 1 0 
0 0 0 
0 0 1 
1 1 1 
0 0 0 
0 0 1 
0 0 0 
1 1 1 
0 0 0 
1 1 1 
0 0 0 
1 1 0 
0 0 0 
0 1 1 
0 0 0 
0 1 0 
165 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 1 0 0 1 0 
160 1 1 1 
156 0 0 1 
152 0 0 0 
150 0 0 0 
148 0 0 0 
140 1 1 1 








1 0 0 
1 0 0 
0 0 0 
0 0 0 
0 0 0 
1 0 0 















1 1 1 1 
1 1 1 0 
0 0 0 0 
0 0 0 0 
1 1 1 1 
1 1 1 1 








1 1 1 
0 1 1 
0 0 0 
0 0 0 
1 1 1 
1 1 1 
0 0 0 
1 1 1 
1 1 0 
0 0 0 
0 0 0 
1 1 0 
1 1 1 
0 0 0 
137 1 0 0 0 1 0 0 1 0 0 1 1 1 0 1 1 1 1 1 1 
132 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 0 
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Appendix C Continued 
Marker Size Alfalfa Genotypes 
T24+E22 
1a 1b 18a 18b 2a 2b 19a 19b 20a 20b 3a 3b 33a 33b 4a 4b 21a Sa Sb Ga 
130 0 0 0 1 0 1 0 1 0 0 1 1 1 1 1 1 1 1 1 0 
128 1 1 1 0 0 0 0 0 1 1 0 0 1 1 0 0 0 0 0 1 
120 0 0 0 0 1 0 0 1 0 0 1 1 1 1 1 1 0 1 1 0 
115 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
102 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
1 00 1 1 1 1 0 0 0 1 1 1 1 1 1 0 0 1 1 1 1 1 
98 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
95 0 0 0 
93 1 1 1 
92 1 1 1 
91 1 1 0 
90 1 1 1 
80 0 0 1 
79 1 1 1 
78 0 0 0 
75 0 0 0 
62 1 0 1 
60 1 1 1 
335 1 1 1 









0 0 0 
0 0 0 
1 0 1 
1 0 1 
1 1 1 
0 0 0 
1 0 1 
1 0 0 
0 1 1 0 
1 1 0 0 
1 0 0 0 
1 1 0 0 














331 1 1 1 0 1 0 0 1 
320 0 0 0 0 1 0 0 1 
310 1 0 0 0 1 0 0 0 
300 1 1 1 
296 0 0 0 
293 1 1 0 
290 0 1 0 
280 0 1 0 
273 0 0 0 
270 1 1 1 
268 0 0 0 
266 1 1 1 
264 0 0 0 
260 0 0 0 
258 0 0 0 
240 1 1 1 
235 0 0 0 
234 1 1 1 
233 1 1 1 
232 0 0 0 
230 1 1 1 
222 0 0 0 
220 1 1 0 
202 0 0 0 























1 0 0 
0 0 0 
1 0 0 
1 1 1 
0 0 0 
0 0 0 
1 1 0 
0 0 0 
1 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
1 1 0 
1 1 0 
0 0 0 
1 0 0 
0 0 0 
0 0 0 
0 1 0 




































0 0 1 0 
0 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
0 0 0 0 
1 1 1 1 
0 0 0 0 
0 0 1 
0 1 1 
1 1 1 
1 1 1 














1 0 1 
0 1 1 
1 1 1 
1 1 1 
1 1 1 
0 1 0 
1 1 1 
0 0 0 
0 0 0 0 
0 0 0 1 
0 0 1 1 
1 0 1 0 
1 0 0 0 
0 0 0 
1 0 1 
1 1 1 
1 1 1 
1 1 1 
0 0 1 
1 1 1 
1 0 0 
0 0 0 
0 0 1 
0 0 1 
0 0 1 
1 1 1 
1011 0 1 111 111 
























1 1 1 1 
1 1 1 1 
0 0 0 0 
0 1 0 1 
1 1 1 0 
0 0 0 0 
1 1 1 1 
1 0 0 0 
1 0 0 0 
1 0 0 0 
0 1 1 1 
0 0 0 0 
1 1 1 1 
0 0 1 0 
1 1 1 1 
1 1 0 1 
0 0 0 0 
1 0 1 1 
1 0 0 0 
1 0 0 1 
0 0 0 0 























1 1 1 
1 1 0 
0 0 1 
1 1 1 
1 1 1 
0 0 0 
1 1 1 
0 0 1 
0 0 0 
0 0 0 
1 1 1 
0 0 0 
1 1 1 
0 1 0 
1 1 1 
1 1 1 
0 0 0 
0 0 1 
0 0 0 
1 0 1 
0 0 0 
1 1 1 
0 0 1 
0 0 0 
1 1 1 
1 1 1 
1 1 0 
0 0 0 
1 1 0 
0 0 0 
0 0 0 
0 0 1 
1 1 1 
0 1 0 
1 1 1 
0 0 1 
1 1 1 
0 1 0 
0 0 0 
1 1 1 
0 0 0 
0 0 0 
1 0 0 
1 1 1 
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Appendix C Continued 
Marker Size Alfalfa Genotypes 
1a 1b 18a 18b 2a 2b 19a 19b 20a 20b 3a 3b 33a 33b 4a 4b 21a Sa Sb 6a 
199 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 
198 1 1 1 1 1 0 0 0 1 1 0 0 1 1 0 0 1 1 1 0 
195 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
193 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 
191 0 0 0 0 1 0 0 1 0 1 1 1 1 1 1 1 0 0 1 0 
190 0 0 0 0 1 1 1 1 0 1 1 1 1 1 0 0 1 1 1 1 
182 1 1 0 0 0 0 0 1 1 0 0 0 0 0 1 1 0 0 0 1 
180 1 1 1 1 0 0 0 1 1 0 0 1 1 1 0 0 0 1 1 1 
179 1 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 1 1 1 1 
178 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
165 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
163 0 0 1 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
162 0 0 1 1 1 0 0 0 0 0 0 0 0 1 0 1 1 1 1 1 
161 1 1 0 0 1 1 0 1 0 1 1 1 1 0 1 1 0 1 1 1 
160 1 1 1 0 1 1 0 1 0 1 1 1 1 0 1 1 1 1 1 1 
158 1 1 0 0 1 1 0 1 0 0 1 0 0 0 1 1 0 1 1 0 
152 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
150 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 1 0 0 0 1 
143 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 
142 1 1 1 1 1 1 0 1 0 0 0 1 1 1 1 0 1 1 0 0 
140 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 
121 1 1 1 1 1 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 
120 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
119 0 0 1 1 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 
112 1 1 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 
111 1 1 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 
110 0 0 1 1 1 1 1 0 0 0 1 1 0 0 1 1 0 1 1 1 
T24+E40 109 0 0 0 0 1 1 1 0 0 0 1 1 0 0 1 1 0 1 1 1 
418 1 1 0 0 1 0 0 1 0 0 1 1 0 0 0 1 0 0 0 0 
417 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 
416 0 1 0 0 0 0 0 1 0 0 1 1 0 0 0 1 0 0 0 0 
414 1 1 1 1 1 0 0 1 0 0 1 1 0 1 0 0 0 0 0 0 
408 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 1 
406 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
404 0 0 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
402 0 0 0 0 0 0 1 1 0 0 1 1 1 0 0 1 1 0 1 0 
400 0 1 1 1 1 0 0 1 1 1 0 1 1 1 1 0 1 1 1 1 
390 0 1 1 1 1 0 0 1 1 1 1 1 0 1 0 1 1 1 1 1 
380 1 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 1 
370 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
365 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
350 0 0 0 0 1 0 0 1 0 0 1 1 0 0 1 1 0 0 1 0 
345 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 0 0 1 1 0 
340 1 1 0 1 1 0 0 1 0 1 1 0 0 0 1 0 0 0 1 0 
335 1 1 0 1 1 0 1 1 0 0 0 1 1 1 0 0 0 0 0 0 
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Appendix C Continued 
Marker Size Alfalfa Genotypes 
1a 1b 18a 18b 2a 2b 19a 19b 20a 20b 3a 3b 33a 33b 4a 4b 21a Sa Sb Ga 
333 1 1 0 0 0 0 1 1 1 0 0 1 0 0 0 0 1 0 0 0 
331 1 1 1 1 1 0 0 0 0 0 1 1 0 1 0 0 0 0 0 0 
325 1 1 0 0 0 0 0 0 0 1 1 1 0 1 0 1 0 0 0 1 
300 1 1 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 
280 1 1 0 
270 1 1 1 
265 0 0 0 
260 0 0 0 
255 0 0 0 
240 0 0 1 
0 1 0 0 
0 0 0 0 
0 0 0 0 
1 1 0 0 
0 0 0 0 













0 1 1 0 
0 0 0 0 
0 0 0 0 
0 1 1 0 
0 0 0 0 




0 00 0 110 
1000000 
0 000 000 
210 0 0 1 1 1 0 0 1 0 0 1 1 0 1 0 1 1 1 1 1 
190 0 0 0 0 0 1 0 1 0 0 1 1 0 1 0 1 1 0 0 1 
185 0 0 0 0 0 0 1 1 0 0 1 1 0 1 0 0 0 0 0 1 
180 1 1 1 
175 1 1 0 
160 0 0 0 
155 1 0 0 
150 1 1 1 
145 1 1 1 
140 0 0 0 
135 0 0 0 
130 0 0 0 
140 1 1 0 
138 0 0 0 
136 0 0 0 
134 0 1 0 
130 0 1 0 
128 1 1 1 
126 1 1 1 
120 0 0 0 
115 1 1 0 
113 1 1 0 
112 1 1 1 
111 1 1 1 
110 0 0 0 
109 1 1 1 
108 1 1 1 
107 0 0 0 
95 0 0 1 
94 1 1 1 
93 0 0 1 
92 1 0 1 
91 1 0 1 
90 0 0 0 
85 0 0 0 
1 1 0 1 
1 1 1 1 
0 0 1 0 
0 1 0 0 
1 1 1 0 
1 1 1 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 1 1 
0 0 0 0 
0 1 0 0 
0 1 0 0 
0 1 0 0 
1 1 1 1 
1 1 1 0 
0 0 0 0 
0 1 1 0 
0 1 1 0 
1 0 1 0 
1 0 1 0 
0 0 0 1 
1 0 1 0 
1 1 1 0 
0 1 0 0 
1 0 0 1 
1 1 1 1 
1 0 1 0 
1 1 1 0 
1 0 0 0 
0 0 0 0 

































































0 1 1 0 
1 1 1 1 
0 0 0 0 
0 0 0 0 
1 1 1 0 
1 1 1 1 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 1 0 
0 1 0 0 
0 1 0 1 
0 1 0 0 
0 0 0 0 
1 1 1 1 
0 0 1 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 1 1 1 
0 0 0 0 
0 1 1 1 
0 1 1 0 
0 0 0 0 
1 1 1 1 
1 1 1 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
1 0 1 1 
1 1 1 1 
0 0 0 0 
0 1 0 0 
1 0 1 1 
1 0 1 1 
0 0 1 0 
0 0 0 0 
0 0 0 0 
0 0 0 1 
1 0 0 0 
1 0 1 0 
1 0 1 0 
1 0 1 0 
0 0 1 1 
1 0 1 1 
0 0 0 0 
1 0 0 1 
1 0 0 1 
1 0 1 1 
1 0 1 1 
0 0 0 0 
1 0 0 1 
1 0 1 1 
0 0 .o 0 
0 0 0 1 






0 1 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
1 1 0 
1 1 1 
0 1 1 
0 0 0 
1 1 1 
1 1 1 
0 0 0 
0 0 0 
0 0 0 
1 1 1 
0 1 1 
0 1 0 
0 1 0 
0 0 0 
0 0 1 
0 0 1 
1 0 0 
0 0 0 
0 0 0 
1 0 0 
1 0 0 
0 0 0 
0 0 0 
0 1 1 
0 0 1 
0 0 0 
1 1 1 
1 0 0 
0 0 1 
0 0 1 
0 0 0 
0 0 0 
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Appendix C Continued 
Marker Size Alfalfa Genotypes 
1a 1b 18a 18b 2a 2b 19a 19b 20a 20b 3a 3b 33a 33b 4a 4b 21a Sa Sb 6a 
84 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
83 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1 1 1 
82 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 
T24+E24 80 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 1 0 
350 1 0 1 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 1 0 
349 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 1 1 0 0 0 
348 1 1 1 1 0 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 
347 1 1 1 1 0 1 1 1 1 1 0 0 0 1 0 0 0 1 0 1 
345 0 0 0 0 0 0 0 1 1 0 0 0 1 1 0 0 0 0 1 1 
340 0 1 1 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 1 
338 1- 0 0 1 0 1 0 1 1 1 0 0 0 1 0 0 0 1 0 1 
336 1 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 
333 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 
330 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 
325 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 
320 1 0 0 1 0 0 0 0 0 1 1 1 0 1 0 0 1 0 0 0 
315 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 
310 1 1 1 1 0 1 1 1 1 1 0 1 1 1 1 0 0 1 1 0 
305 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 0 1 0 0 
300 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 0 1 0 1 
290 0 0 1 1 0 1 0 1 1 1 0 0 0 0 0 1 1 0 1 0 
280 0 0 1 1 0 1 0 1 1 0 0 1 1 0 0 1 1 0 1 0 
270 1 1 1 1 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 
260 1 1 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 
250 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 0 0 1 0 1 
200 0 1 1 0 0 1 0 0 1 1 0 1 0 0 0 1 1 0 0 0 
195 0 0 1 0 0 1 0 0 1 1 0 1 0 0 0 1 1 0 0 0 
170 1 1 0 1 0 1 0 1 0 1 0 0 0 1 1 1 0 1 1 1 
166 1 1 0 1 0 1 0 1 0 1 1 1 1 1 1 1 1 1 1 1 
T24+E26 160 0 0 0 0 0 0 0 0 0 0 1 1 1 0 1 1 1 1 1 0 
252 0 1 1 0 0 0 0 0 0 1 1 1 1 1 0 0 1 1 1 0 
250 1 1 1 1 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 
205 0 0 1 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 1 0 
204 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0 0 0 0 
T24+E38 190 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
425 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 1 
420 1 1 1 1 0 0 1 1 1 1 0 1 1 1 1 0 0 0 1 0 
418 0 0 0 0 0 0 0 0 1 1 0 1 0 0 1 0 0 0 0 0 
410 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
408 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
406 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
403 1 0 0 0 0 0 1 0 1 0 0 0 0 1 1 0 0 0 0 0 
400 0 1 1 1 0 0 1 1 1 1 0 1 1 1 1 0 0 0 1 1 
398 1 0 0 0 0 0 1 1 1 0 0 1 0 0 1 0 0 0 0 1 
390 0 1 1 1 1 0 1 1 1 1 1 1 1 1 1 0 1 1 1 0 
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Marker Size Alfalfa Genotypes 
1a 1b ~Sa 18b 2a 2b 19a 19b 20a 20b 3a 3b 33a 33b 4a 4b 21a Sa Sb 6a 
389 0 0 0 0 0 0 1 1 1 1 0 1 0 0 1 0 0 0 0 0 
387 1 0 0 0 0 0 0 0 1 1 0 1 1 0 1 0 0 0 0 0 
385 1 1 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 
381 0 1 1 1 0 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 
380 0 0 0 0 0 0 1 0 0 0 1 0 0 1 0 0 0 0 0 0 
377 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 0 1 1 0 0 
376 0 0 1 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 
370 0 0 1 1 0 0 1 1 0 0 0 0 1 0 0 0 0 0 1 0 
350 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
335 0 0 1 1 1 0 0 0 1 1 1 0 1 0 1 0 0 0 0 1 
334 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
331 1 0 1 1 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
330 0 1 1 1 1 0 1 1 1 1 0 1 0 0 1 0 1 1 1 0 
320 1 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 1 1 0 0 
310 1 1 1 1 1 0 1 0 1 1 1 1 1 1 1 0 1 1 1 0 
300 1 1 1 1 0 0 1 0 1 1 0 1 1 1 1 0 1 1 1 0 
290 1 1 0 0 0 0 0 1 1 1 0 1 1 0 1 0 1 0 0 0 
280 0 0 0 0 0 0 0 1 0 0 0 1 1 1 0 0 0 0 0 0 
270 0 0 0 0 0 0 0 0 1 1 0 1 1 1 1 0 0 0 0 0 
260 1 0 0 0 0 0 1 1 1 1 0 0 0 0 1 0 0 1 0 0 
250 1 1 1 1 1 0 1 0 1 1 1 1 1 1 1 0 0 0 0 0 
245 0 0 1 1 1 0 1 1 1 1 0 1 1 1 1 0 0 0 1 0 
240 1 1 1 0 1 0 1 0 0 1 0 0 0 0 1 0 0 1 0 0 
235 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 
230 1 1 1 1 1 0 1 1 1 1 0 1 0 1 0 0 1 1 1 0 
225 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
223 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
220 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
215 1 1 0 0 0 0 1 0 0 0 0 1 1 0 0 0 0 1 0 0 
213 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
210 1 1 1 1 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
200 1 1 0 0 1 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 
190 0 0 1 0 1 0 1 1 1 0 0 0 1 0 1 0 0 0 0 0 
185 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
180 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 0 1 1 1 0 
175 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
170 0 0 0 0 0 0 0 1 1 0 0 0 1 1 0 0 1 1 0 0 
165 1 1 1 1 1 0 1 1 1 1 0 1 1 1 1 1 1 1 1 0 
163 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
160 0 1 1 1 1 0 1 0 1 1 0 1 1 1 1 0 1 1 1 0 
158 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 1 1 0 
155 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 
150 1 1 1 1 1 0 1 1 1 1 0 1 1 1 1 0 1 1 1 0 
145 1 1 0 0 0 1 0 0 0 0 0 1 1 1 1 0 1 1 0 0 
140 1 1 1 1 0 0 1 1 1 1 0 0 1 0 1 1 0 0 0 0 
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Marker Size Alfalfa Genotypes 
1a 1b 18a 18b 2a 2b 19a 19b 20a 20b 3a 3b 33a 33b 4a 4b 21a Sa Sb 6a 
I - • • 
135 1 1 1 1 1 0 1 1 0 1 0 1 1 1 1 0 0 1 1 0 
130 0 0 1 1 1 0 0 1 1 0 0 1 1 0 1 1 1 1 1 0 
120 1 0 0 0 1 0 1 0 0 1 0 0 0 0 1 1 1 0 0 0 
110 0 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 
105 0 0 1 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
100 0 1 1 1 1 1 1 0 0 0 0 1 0 1 0 0 1 0 0 1 
80 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 
70 1 1 0 0 0 0 1 0 0 0 1 1 1 0 0 1 1 1 0 0 
60 0 1 1 1 0 0 1 1 0 0 0 0 1 1 0 0 0 1 1 0 
652 55 1 1 0 0 1 1 1 1 1 1 1 1 0 0 0 1 1 0 1 0 
1650 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1500 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1400 1 0 0 1 0 0 0 1 0 0 1 1 1 1 0 0 0 0 0 1 
1300 0 0 1 0 0 1 0 1 1 1 1 1 0 0 0 0 1 1 1 0 
1200 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1050 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 
900 1 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0 1 0 0 0 
800 0 0 0 1 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 1 
640 0 0 0 0 0 1 0 0 0 0 1 1 0 0 0 1 1 0 0 0 
B1 500 1 1 0 0 0 0 1 0 0 0 0 1 0 0 1 0 0 0 0 0 
1200 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1050 0 0 0 0 1 1 0 0 0 0 1 0 1 0 0 1 0 0 0 0 
950 0 0 1 0 0 0 0 1 1 1 1 1 1 1 0 0 1 1 1 1 
800 0 0 0 1 1 1 1 1 1 0 1 1 0 0 1 0 0 0 1 1 
700 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
Hae 600 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1600 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1500 0 0 1 1 0 0 0 1 0 0 0 1 1 1 0 0 1 0 0 0 
Hind 1450 1 1 0 0 1 1 0 0 1 1 1 0 1 0 1 1 0 1 1 1 
900 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
600 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
550 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
AA12 450 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1700 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
1200 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
900 0 0 1 1 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 1 
600 1 1 0 0 0 0 1 1 1 1 1 1 1 1 1 1 0 1 1 1 
550 1 1 0 0 1 1 0 0 0 0 1 1 0 0 0 0 1 0 0 0 
631 300 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 0 1 1 1 
1600 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1500 0 0 1 0 0 0 1 1 1 1 0 0 1 1 0 0 1 0 0 1 
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Marker Size Alfalfa Genotypes 
22a 22t:> 23a 7a 24a 24b 34a 35a 35b 25a 25t:> Sa Sb 26a 26b 36a 36b 37a 
T24+E25 420 1 1 1 1 0 1 1 0 0 1 1 1 0 0 1 1 1 1 
400 0 0 0 0 0 1 1 0 0 1 1 0 0 0 1 1 1 1 
360 0 0 0 0 0 1 1 1 1 0 0 1 0 0 1 1 1 1 
350 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 
340 1 0 1 0 0 0 1 0 0 0 0 0 0 0 1 1 1 1 
330 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
320 0 0 0 0 1 1 1 0 0 0 0 1 0 1 0 0 0 0 
310 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 1 
300 0 0 0 0 0 1 0 1 0 1 1 0 0 0 0 0 0 0 
291 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
290 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 
282 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 
280 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 
278 1 1 0 0 1 1 0 1 1 1 1 0 0 0 1 1 0 1 
272 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 
270 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 
250 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
248 0 0 0 0 1 1 0 0 1 1 1 0 0 0 0 1 1 1 
247 1 1 1 0 1 1 0 0 1 1 1 0 0 0 1 1 1 1 
246 0 0 0 0 1 1 0 0 0 0 0 0 0 1 1 1 1 1 
230 1 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 1 0 
220 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 
212 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 
210. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 
208 1 1 1 0 0 1 1 1 1 1 1 1 0 1 1 1 1 1 
206 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
175 0 1 0 0 1 1 1 1 1 0 0 1 0 0 0 0 0 1 
172 0 1 0 0 0 0 0 1 0 1 1 0 0 0 0 1 1 1 
170 1 1 1 1 1 1 0 1 1 1 1 1 0 0 1 1 1 1 
168 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
166 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 
165 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 
160 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 
156 1 1 1 1 1 1 1 0 0 0 0 0 0 1 1 1 1 "1 
152 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
150 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
148 1 1 1 0 0 0 0 1 0 1 0 1 0 0 1 1 1 1 
140 1 1 1 0 1 1 0 0 1 1 1 1 0 0 1 1 1 1 
138 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
137 1 1 1 1 0 0 0 0 1 1 1 1 0 0 1 1 . 1 1 
132 0 0 1 1 1 1 0 1 1 1 1 1 0 1 1 1 1 1 
130 0 0 1 1 0 1 1 1 1 0 0 1 0 0 1 1 1 1 
128 0 1 0 0 0 0 1 1 1 1 1 0 0 1 1 1 1 1 
120 1 0 0 1 1 1 0 0 0 0 0 1 0 1 1 1 1 1 
115 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Marker Size Alfalfa Genotypes 
22a 22" 23a 7a 24a 24b 34a 35a 35b 25a 25b Sa Sb 26a 26b 36a 36b 37a 









0 00 0 0 0 0 0 





80 0 0 1 0 0 0 1 1 1 
79 1 0 1 1 1 1 1 1 1 











75 0 0 0 0 0 0 0 0 0 0 
62 1 1 1 1 1 1 0 1 1 1 
T24+E22 60 1 1 1 1 1 1 0 1 1 1 











1 1 0 1 1 
1 1 1 1 1 
0 0 0 0 1 









1 1 0 1 
1 1 1 0 
1 0 0 1 
1 1 0 1 
0 0 0 0 
1 0 0 0 
1 1 0 1 
0 1 0 0 
1 0 0 1 
1 0 1 1 
0 0 0 0 











1 1 0 1 1 
0 0 0 0 0 
0 0 0 0 1 
1 0 0 1 1 
1 1 0 1 1 
1 1 0 0 1 








0 1 0 0 0 0 
1 1 0 1 1 0 











0 00 0 0 0 1 
110 0 1 1 1 
110 0 1 1 1 





1 1 0 1 1 
1 0 0 1 1 
0 0 0 0 0 
1 0 0 0 0 
1 1 0 0 0 
0 0 0 0 0 
1 1 0 0 0 
1 1 0 1 1 
1 0 0 1 0 















































0 0 0 0 
0 0 0 0 
0 1 0 1 
0 1 1 1 
0 0 0 0 
1 1 0 0 
0 0 0 1 
1 1 0 0 
1 1 1 0 
0 1 0 0 
1 0 0 0 
1 1 1 1 
1 1 1 1 
0 0 0 0 
1 1 1 0 
1 1 1 1 
1 0 0 1 
0 0 0 0 
1 0 0 0 
0 0 0 0 
0 0 0 0 
1 1 0 1 
1 0 0 1 
0 0 0 0 
0 1 0 1 
1 0 0 0 
1 1 0 1 
0 1 0 1 
0 1 1 0 
0 0 0 0 
1 1 0 1 
1 0 0 1 
0 0 0 0 
1 0 0 1 
1 1 0 1 
0 1 0 1 
0 0 0 0 




















0 0 0 0 0 
0 0 0 0 0 
1 0 0 0 0 
1 1 0 1 0 
0 0 0 0 0 
1 1 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
1 0 0 1 0 
0 0 0 0 0 
1 0 0 0 1 
1 0 0 1 0 
1 0 0 0 0 
0 0 0 0 0 
1 1 0 0 0 
1 1 0 1 0 
1 0 0 1 0 
0 0 0 0 0 



























































Appendix C Continued 
Marker Size Alfalfa Genotypes 
T24+E40 
22a 22b 23a 7a 24a 24b 34a 35a 35b 25a 25b Sa Sb 26a 2Gb 36a 3Gb 37a 
191 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 
190 1 1 0 1 0 0 0 0 0 0 0 0 0 1 0 1 1 0 
182 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
180 1 1 1 0 0 0 1 0 1 1 1 0 0 0 0 0 0 0 
179 1 1 1 0 1 1 0 0 1 1 1 0 0 1 0 0 0 0 
178 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
165 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
163 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 
162 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 
161 1 1 1 1 1 1 1 0 1 1 1 0 0 1 0 1 1 1 
160 1 1 1 1 1 1 1 0 1 1 1 0 0 1 0 1 1 1 
158 1 1 0 1 0 0 1 0 0 0 0 0 0 0 0 1 1 0 
152 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
150 0 0 0 1 0 0 1 0 0 
143 0 0 0 1 0 0 0 0 0 
142 0 0 1 1 0 1 0 0 1 
140 0 0 0 0 0 0 0 0 0 






0 0 0 0 0 0 
0 0 0 0 0 0 
1 0 0 0 0 0 
0 0 0 0 0 1 






120 1 1 1 1 1 1 1 0 1 1 1 0 0 1 0 0 0 0 
119 1 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 




0 0 0 0 0 
0 0 1 0 0 
1 0 1 0 0 
1 0 0 
0 0 0 
0 0 0 
418 0 1 1 0 1 1 1 1 1 
417 0 0 0 0 0 1 0 0 0 
416 0 0 0 0 0 0 1 0 1 
414 0 1 0 0 1 1 1 0 0 
408 0 1 0 0 0 0 1 1 1 
406 0 0 0 0 0 0 1 0 0 
404 0 0 1 0 0 1 0 0 0 














1 1 1 1 
1 1 1 1 
0 1 0 0 
0 0 0 0 
1 0 0 1 
0 0 0 0 
1 1 0 1 
1 0 0 0 
1 1 0 1 
1 1 0 1 
0 1 0 1 
1 0 0 1 













0 0 1 0 
1 1 0 0 
1 0 0 0 
1 1 1 1 
0 0 1 1 
1 0 0 1 
1 1 0 0 
1 0 0 0 
1 1 1 1 

























0 0 0 0 
0 1 0 0 







1 0 0 1 1 0 
0 0 0 0 0 0 
1 0 0 0 1 1 
1 1 0 1 1 0 
1 0 0 1 0 0 
0 0 0 0 1 0 
0 1 0 1 1 0 
0 0 0 0 0 0 
0 0 0 0 0 
1 1 0 1 0 
1 1 0 1 1 
0 0 0 1 
0 0 0 0 
1 0 0 1 
1 1 0 1 
1 1 0 1 
1 1 0 0 
1 0 0 0 
0 0 0 0 
1 1 0 1 

































































Appendix C Continued 
Marker Size Alfalfa Genotypes 
22a 22b 23a 7a 24a 24b 34a 35a 35b 25a 25b Sa Sb 26a 26b 36a 36b 37a 
I 
280 0 0 1 0 1 0 1 0 1 1 1 1 0 0 1 0 1 1 
270 0 0 1 0 1 1 0 0 1 0 0 1 0 0 1 0 0 0 
265 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 
260 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 
255 0 1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 
240 0 1 0 0 0 1 0 0 1 0 0 0 0 1 0 0 0 1 
210 0 1 1 0 1 0 0 1 1 0 0 1 0 1 1 1 0 1 
190 0 1 1 1 1 1 0 0 1 1 1 0 0 0 0 0 1 0 
185 0 1 1 0 1 1 0 1 1 0 0 1 0 1 0 0 0 0 
180 0 0 1 0 1 1 0 1 1 0 1 1 0 1 0 0 0 0 
175 0 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 
160 0 1 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
155 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
150 0 1 1 1 1 1 1 1 1 1 1 1 0 0 1 0 1 1 
145 0 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 0 
140 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 
135 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
130 0 0 0 1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 
140 0 0 0 0 1 1 0 1 0 1 0 0 0 0 0 0 0 1 
138 0 0 1 1 1 1 0 1 0 1 1 0 0 0 1 0 1 1 
136 0 1 1 1 0 0 0 0 0 1 1 1 0 0 1 0 1 0 
134 0 0 1 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 
130 0 0 1 0 0 0 1 0 1 0 0 0 0 0 1 0 1 0 
128 0 1 1 1 1 1 0 1 1 1 1 1 0 0 1 0 1 1 
126 0 1 1 0 1 1 0 1 1 1 1 0 0 0 1 0 1 1 
120 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 1 
115 0 1 0 1 1 1 0 1 1 1 0 1 0 0 1 0 0 0 
113 0 0 0 0 1 1 0 0 0 1 0 1 0 0 1 0 0 0 
112 0 0 1 1 0 0 0 0 1 0 0 0 0 0 1 0 0 1 
111 0 0 1 1 0 0 0 0 1 0 0 0 0 0 1 0 1 1 
110 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 1 1 
109 0 1 1 0 1 0 0 1 0 1 1 1 0 1 0 0 1 1 
108 0 0 1 0 1 1 0 1 0 1 1 1 0 1 0 0 0 1 
107 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 1 
95 0 0 1 0 1 0 0 1 1 1 1 0 0 1 0 0 0 0 
94 0 1 1 1 1 1 1 1 1 1 1 0 0 1 1 0 0 0 
93 0 1 1 0 0 0 1 1 1 1 1 1 0 0 1 0 1 1 
92 0 0 1 1 0 0 0 1 1 0 0 0 0 1 1 0 1 1 
91 0 0 1 0 0 0 0 1 1 0 0 1 0 1 1 0 1 1 
90 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 
85 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
84 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 
83 0 1 1 1 1 0 0 1 1 1 1 1 0 1 1 0 1 0 
82 0 1 1 1 1 1 1 1 1 1 1 1 0 1 1 0 1 1 
T24+E24 80 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Marker Size Alfalfa Genotypes 
T24+E26 
T24+E3S 
22a 2213 23a 7a 24a 24b 34a 35a 35b 25a 25b Sa Sb 26a 2Gb 36a 3Gb 37a 
350 0 1 1 0 0 1 0 1 0 1 0 0 0 1 0 1 1 0 
349 0 0 1 1 0 1 1 0 1 0 0 0 0 1 1 0 0 1 





























0 0 1 1 0 0 1 0 
0 0 0 0 0 0 1 0 
1 1 0 0 0 0 1 1 
0 1 0 0 0 0 0 0 
0 0 1 0 0 0 0 0 
0 0 0 0 0 0 0 0 
1 1 1 1 1 1 1 1 
0 0 1 0 1 0 0 0 
1 1 1 1 1 0 0 0 
0 1 1 0 0 1 1 1 
1 1 1 0 0 1 0 1 
1 1 0 0 1 0 1 1 
1 1 1 0 1 0 1 1 
0 0 1 1 0 0 1 1 
0 0 1 1 0 0 1 1 
0 0 1 0 0 0 0 0 
0 0 1 0 0 1 0 0 
1 1 1 0 1 1 0 0 
0 010 100 0 
0 010 100 1 
0 011011 1 
11111111 
11101011 
0 000 0 0 0 0 
1111 1111 
0 00 0 0 0 0 0 
0 00 0 0 0 0 0 





























1 1 0 1 1 
0 0 0 0 0 
0 0 0 1 1 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 1 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
1 1 0 1 1 
0 1 0 1 1 
0 1 0 1 1 
0 0 0 1 1 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 1 0 1 
0 1 0 0 
0 0 0 1 
1 0 0 1 
1 0 0 1 
0 0 0 0 
1 1 0 1 
0 0 0 0 
0 0 0 0 













































































425 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
420 1 0 1 0 1 1 1 1 1 1 1 1 0 1 1 0 0 0 












0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
1 1 0 1 
0 0 0 0 
1 1 0 1 
0 1 0 0 
0 1 0 0 
0 0 0 0 
0 1 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
1 1 1 1 
0 0 0 0 
1 1 1 1 
0 0 0 0 
0 1 1 0 
0 1 1 0 












0 0 0 0 
0 0 0 0 
0 1 0 0 
0 1 0 0 
1 1 0 1 
1 0 0 0 
1 1 0 1 
1 1 0 1 
0 1 0 0 
1 1 0 0 














































Appendix C Continued 
Marker Size Alfalfa Genotypes 
22a 22~ 23a 7a 24a 24b 34a 35a 35b 25a 2Sb Sa Sb 26a 26b 36a 36b 37a 
380 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
377 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
376 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 
370 0 0 1 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 
350 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 1 0 0 
335 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
334 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
331 0 1 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 
330 1 0 1 0 0 0 0 0 0 1 1 0 0 0 1 0 0 0 
320 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 
310 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 
300 1 0 0 0 1 0 0 0 0 1 1 1 0 1 1 1 1 0 
290 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 
280 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1 1 0 0 
270 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0 1 
260 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 
250 0 0 0 0 0 0 0 1 1 1 1 1 0 1 1 1 1 1 
245 0 0 0 0 0 0 1 0 0 0 0 1 0 0 1 1 1 0 
240 0 0 0 0 1 1 0 0 0 1 1 1 0 0 1 1 1 1 
235 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 0 0 
230 0 0 1 0 1 1 1 1 1 0 1 1 0 1 1 1 1 1 
225 0 0 0 0 0 0 1 1 0 0 0 1 0 1 1 1 0 0 
223 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 
220 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
215 0 0 0 0 0 1 1 1 1 1 1 0 0 0 0 0 0 0 
213 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
210 0 0 1 1 1 0 1 0 0 1 1 0 0 0 1 1 1 1 
200 1 1 0 0 0 0 1 1 1 1 1 1 0 0 1 1 1 0 
190 0 0 1 1 0 0 0 1 1 1 1 0 0 0 0 1 0 0 
185 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 1 0 0 
180 1 1 0 0 1 1 0 0 1 1 1 1 0 1 1 1 1 1 
175 0 0 0 0 1 0 0 1 0 1 1 0 0 0 0 0 0 0 
170 0 0 0 1 0 0 0 1 1 1 1 0 0 0 0 0 0 0 
165 1 1 1 0 1 1 1 1 1 1 1 0 0 0 0 0 0 0 
163 0 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 
160 1 1 1 0 1 1 1 1 1 1 1 1 0 1 1 1 1 1 
158 0 1 0 1 1 1 1 0 1 1 1 0 0 0 0 1 1 0 
155 1 1 0 1 0 0 0 0 1 0 0 0 0 0 1 1 1 1 
150 0 0 0 0 1 0 1 1 1 1 1 1 0 1 1 1 1 0 
145 1 1 0 0 0 0 1 1 1 1 1 0 0 0 1 0 1 1 
140 0 0 0 1 0 0 1 1 1 1 1 1 0 0 1 1 1 1 
135 0 1 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 
130 1 1 1 0 0 0 1 1 1 1 1 0 0 0 1 1 1 1 
120 1 0 0 0 0 0 0 1 1 0 1 0 0 1 1 1 1 0 
110 1 1 0 0 0 0 1 1 1 1 1 0 0 0 1 0 0 0 
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Appendix C Continued 







22a 22b 23a 7a 24a 24b 34a 35a 35b 25a 25b Sa Sb 26a 26b 36a 36b 37a 
I 
105 1 1 0 0 0 0 0 1 1 1 1 0 0 0 1 1 0 1 
100 1 1 0 0 0 0 1 1 1 1 1 0 0 1 1 1 1 0 





1 0 0 0 
1 0 0 0 
1 0 0 0 
0 0 0 0 
0 0 0 1 
0 1 0 1 
1 0 0 1 





1 0 0 0 
1 1 0 0 
1 1 0 1 













1500 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 










0 1 0 0 
1 1 1 1 
0 0 0 0 
0 1 0 1 
1 0 0 0 
0 1 0 0 
1 1 1 1 
0 0 0 0 
0 0 0 0 
1050 0 0 0 0 0 
950 1 1 1 1 1 
800 0 0 0 0 0 
700 1 1 0 1 0 
600 0 0 0 0 0 















0 0 1 0 
0 1 0 1 
0 0 0 0 
1 1 1 1 
0 0 0 0 
0 1 0 0 
1 0 0 0 
0 0 0 1 
1 1 0 1 
0 1 1 0 
0 0 0 0 
1 0 1 0 
1 0 0 0 
0 1 0 1 
0 0 0 1 
1 1 1 1 
0 0 0 0 
1 1 1 1 
0 0 0 1 
0 0 0 0 
1 1 0 1 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 1 1 0 
0 0 0 0 
1 1 0 1 
0 0 0 0 
0 0 0 0 
0 1 1 1 
1 0 0 0 
0 0 0 0 
1 1 1 1 
0 1 0 0 
0 0 0 0 
0 1 1 1 
1 0 1 1 
1 1 1 1 
0 1 0 0 
0 0 0 0 
0 0 1 1 
0 0 0 0 






























1 1 0 0 1 
1 1 0 1 1 
0 0 0 0 0 
1 0 0 1 1 
0 0 0 0 0 
0 1 0 1 0 
1 1 0 1 1 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 1 0 1 1 
1 1 0 0 0 
1 1 0 0 0 
0 0 0 0 0 
0 1 0 0 0 
0 0 0 1 
1 0 0 1 
1 0 0 0 
1 1 0 1 
0 0 0 0 
0 0 0 0 
0 1 0 0 
0 0 0 0 
1 1 0 1 
1 0 0 0 
0 0 0 1 
1 1 0 0 
0 0 0 0 

































































































Appendix C Continued 
Marker Size Alfalfa Genotypes 
37b 9a 9b 38a 38b 39a 39b 28a 28b 29a 10a 10b 11a 30a 30b 13a 13b 14a 
T24+E25 420 1 1 1 0 0 0 0 1 1 0 1 1 1 1 1 1 1 0 
400 1 1 0 0 0 0 0 0 0 0 1 1 0 0 0 1 0 1 
360 1 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 
350 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
340 1 1 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 
330 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 0 
320 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
310 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
300 0 0 0 1 0 0 0 0 0 0 0 0 0 1 1 0 0 0 
291 0 0 0 0 0 0 
290 0 0 0 0 0 0 
282 0 1 0 0 0 0 
280 1 1 1 1 1 1 
278 1 0 1 0 0 0 
272 1 0 0 0 0 0 
270 1 0 0 0 0 0 
250 0 0 0 0 0 0 
248 1 1 1 1 1 1 
247 1 0 0 0 0 0 
0 0 0 
0 0 0 
0 0 0 
1 1 0 
0 1 0 
0 0 0 
0 0 0 
0 0 0 
0 1 0 
0 1 0 
0 0 0 
0 0 0 
0 1 1 
1 1 1 
1 1 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 



















































246 1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 1 1 0 
230 1 1 0 0 0 0 
220 0 0 0 0 0 0 
212 1 1 1 1 1 1 
210 1 0 0 0 0 0 
208 1 1 0 1 1 0 
206 0 0 1 1 1 0 
175 1 0 0 1 0 0 
0 0 0 
0 0 0 
1 1 1 
0 0 0 
0 1 1 
0 0 0 
0 0 0 
0 1 0 0 0 
0 0 0 0 0 
1 1 1 1 1 
0 0 0 0 0 
1 .1 1 0 0 
0 0 0 1 0 






















172 1 1 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
170 1 1 1 1 0 0 
168 0 0. 0 0 0 0 
166 0 0 0 0 0 0 
165 0 1 1 0 0 0 
160 1 1 1 1 1 1 
156 1 1 1 0 1 0 
152 0 0 0 0 1 0 
150 0 0 0 1 1 0 
148 0 1 1 1 1 0 
140 1 1 1 1 0 0 
138 0 0 0 0 1 0 
137 1 0 1 0 1 0 
132 1 1 1 1 1 1 
130 1 1 1 0 1 1 
128 1 1 0 1 0 0 
120 0 0 1 0 1 0 
115 0 1 0 0 0 0 
0 1 0 
0 0 0 
0 0 0 
0 0 0 
1 1 1 
0 0 0 
0 0 0 
0 0 0 
0 1 1 
0 1 0 
0 0 0 
0 1 0 
0 1 0 
0 1 0 
0 1 0 
0 1 1 


















1 1 1 
0 0 0 
0 1 0 
0 1 0 
1 1 1 
1 1 0 
0 0 1 
0 0 0 
0 0 0 
1 1 1 
0 0 0 
1 1 1 
1 1 1 
1 1 1 
0 0 0 
1 1 1 























































































Appendix C Continued 
Marker Size Alfalfa Genotypes 
37b 9a 9b 38a 38b 39a 39b 28a 28b 29a 10a 10b 11a 30a ,30b 1.3a 13b 14a 
102 0 1 1 1 1 0 0 0 0 0 1 1 1 0 0 0 0 0 
100 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 ( 
98 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0, 
95 0 0 0 0 1 0 0 1 1 0 1 1 1 0 0 0 1 0 
93 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
92 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 0 1 0 
91 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 
90 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 
80 0 1 1 1 1 1 1 1 1 0 0 0 0 1 1 1 0 0 
79 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 
78 0 0 0 0 1 0 0 1 1 1 1 1 0 1 0 0 0 1 
75 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
62 1 1 0 1 1 0 0 1 1 1 0 0 1 1 1 0 0 0 
T24+E22 60 1 1 0 1 1 0 0 1 1 1 0 0 1 1 1 0 0 0 
335 1 1 0 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 
334 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 0 0 0 
331 1 1 1 1 1 1 0 1 1 0 1 1 0 1 1 1 1 1 
320 1 0 0 0 0 1 0 1 1 0 0 1 0 0 0 1 1 0 
310 1 0 0 1 0 0 0 1 1 1 ·o 0 0 0 0 0 0 0 
300 1 1 1 1 0 1 0 1 1 0 1 1 0 0 0 1 1 1 
296 1 1 0 1 1 1 0 0 0 1 0 0 0 0 0 0 0 1 
293 0 1 0 0 0 0 0 1 1 1 1 1 0 0 0 1 1 0 
290 0 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 
280 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
273 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
270 1 1 0 1 0 1 0 1 1 0 1 1 1 0 0 1 1 1 
268 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
266 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
264 1 0 0 1 1 1 0 1 1 0 0 0 0 0 0 0 0 0 
260 1 1 1 1 1 1 0 1 1 1 1 1 0 1 1 1 1 1 
258 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
240 0 0 0 0 0 0 0 1 0 1 1 1 1 0 0 1 1 0 
235 1 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 
234 1 1 0 0 1 1 0 1 1 1 1 1 1 0 1 0 0 0 
233 0 1 1 0 0 0 0 1 1 1 1 0 1 1 0 1 1 1 
232 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
230 0 0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 
222 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
220 0 1 0 1 1 1 0 1 1 1 0 0 0 1 1 1 0 0 
202 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
200 0 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 
199 1 1 1 1 1 1 0 1 1 1 1 1 1 1 0 1 1 1 
198 1 0 0 1 1 1 0 0 1 1 0 0 0 0 0 0 0 0 
195 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
193 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Appendix C Continued 
Marker Size Alfalfa Genotypes 
T24+E40 
37b 9a 9b 38a 38b 39a 39b 28a 28b 29a 10a 10b 11a 30a 30b 13a 13b 14a 
191 0 0 1 0 1 1 0 0 0 0 0 0 1 0 0 1 1 1 
190 0 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 
182 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
180 0 1 1 1 1 0 0 1 1 1 0 0 0 0 0 1 1 1 
179 0 1 0 0 0 1 0 1 1 1 0 0 0 0 0 0 0 1 
178 0 0 0 0 0 0 0 0 0 
165 0 0 0 0 0 0 0 0 0 
163 1 0 0 0 1 1 0 1 1 
162 1 0 0 1 0 1 0 0 0 
161 1 1 1 1 1 0 0 1 1 
160 1 1 1 1 1 1 0 1 1 
158 0 0 1 0 1 1 0 0 1 
152 0 0 0 0 0 0 0 0 0 
150 0 0 0 0 0 0 0 1 1 
143 0 0 0 0 0 0 0 0 0 
142 0 1 1 1 0 1 0 0 0 
140 1 1 0 0 1 1 0 0 1 
121 1 1 1 1 1 1 0 1 1 
120 0 0 0 1 1 0 0 1 0 
119 0 1 0 1 0 0 0 0 0 
112 0 1 0 0 0 0 0 0 0 
111 1 0 1 0 0 1 0 0 0 
110 0 0 0 0 1 0 0 0 0 
109 0 0 0 0 0 0 0 0 0 
418 1 1 0 0 0 1 0 1 1 
417 0 0 0 0 0 0 0 0 0 
416 0 1 0 0 0 1 0 1 1 
414 0 0 0 0 0 1 0 1 1 
408 0 0 0 0 0 0 0 1 1 
406 0 0 0 0 0 0 0 0 0 
404 0 1 1 0 1 0 0 1 1 
402 0 0 0 0 0 0 0 0 0 
400 0 0 0 0 0 1 0 1 1 
390 1 1 1 1 0 1 0 1 0 
380 1 1 1 1 1 1 1 1 1 
370 0 0 0 0 0 0 0 0 0 
365 0 0 0 0 0 0 0 1 1 
350 0 1 1 0 0 1 1 1 1 
345 1 1 0 1 1 1 1 1 1 
340 1 1 1 0 0 1 0 1 1 
0 0 0 0 0 
0 1 0 0 0 
0 0 1 1 1 
1 0 0 0 1 
0 1 1 0 1 
0 1 1 1 1 
0 1 1 0 1 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
1 0 0 1 1 
1 0 1 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 1 1 1 0 
0 0 0 0 0 
0 0 0 0 
0 1 0 1 




1 1 0 1 1 
1 1 0 1 1 
1 0 0 1 1 
0 0 0 0 0 
1 1 0 1 1 
0 0 0 0 0 
1 1 0 1 1 
1 1 0 0 0 
1 1 0 1 1 
0 0 0 0 0 
0 0 0 0 1 
0 1 0 0 1 
1 1 0 1 0 
0 1 0 1 0 
335 1 1 1 0 0 0 0 10 1 1 1 0 1 1 
333 1 0 1 0 0 1 1 1 1 0 1 0 1 1 







































0 0 0 
0 0 0 
0 0 1 
0 0 1 
1 1 0 
1 1 1 
0 1 1 
0 0 0 
0 1 1 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
1 1 1 







0 1 1 
0 1 1 
0 0 1 
0 0 0 
1 0 1 
0 0 0 
0 1 1 
1 1 1 
1 1 1 
0 0 0 
0 1 1 
0 1 1 
1 1 1 







325 0 1 0 0 0 1 0 1 1 1 1 0 1 1 0 0 1 1 
300 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 
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Appendix C Continued 
Marker Size Alfalfa Genotypes 
T24+E24 
37b 9a 9b 38a 38b 39a 39b 28a 28b 29a 10a 10b 11a 30a 30b 13a 13b 14a 
I 
280 0 1 1 1 0 1 0 0 0 1 1 0 1 1 0 0 1 1 
270 0 1 1 0 1 0 0 1 0 0 0 0 0 1 0 0 1 0 
265 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 
260 1 1 1 0 0 1 0 1 1 1 1 0 0 1 0 0 1 0 
255 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1 
240 1 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 
210 1 1 1 0 0 0 0 1 1 0 1 0 1 1 1 1 1 1 
190 1 1 1 0 1 0 0 1 1 0 0 0 1 1 1 1 1 1 
185 0 0 0 1 0 1 1 0 1 1 1 1 0 1 1 0 0 0 
180 0 0 0 0 0 0 0 1 0 0 1 1 1 1 1 0 0 1 
175 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
160 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
155 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
150 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 
145 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
140 0 0 0 0 0 0 1 0 1 1 0 1 1 0 0 0 0 0 
135 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 
130 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
140 1 0 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 
138 1 0 1 0 0 1 0 0 0 1 1 1 0 1 0 0 1 0 
136 1 0 0 1 0 1 0 1 1 1 0 0 0 1 0 0 1 1 
134 1 0 0 1 0 0 1 1 1 1 0 0 1 1 0 0 0 1 
130 1 1 0 1 0 0 1 1 1 1 0 0 1 1 0 0 1 1 
128 1 1 0 1 1 0 
126 1 1 1 0 1 1 
120 0 0 1 0 0 1 
0 0 0 
1 1 0 




0 0 1 1 
0 0 1 1 













115 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 1 1 1 
113 0 0 0 0 1 0 0 0 0 0 1 1 0 0 0 1 1 1 
112 1 0 0 0 0 0 0 0 0 1 1 1 0 1 1 1 1 1 
111 1 0 0 0 
110 0 1 1 0 
109 0 1 1 1 
108 1 0 0 0 
107 1 0 0 0 
95 0 0 0 0 
940 00 0 
93 1 1 1 1 
92 1 1 1 1 
91 1 1 1 1 
90 0 0 0 0 
85 0 0 0 0 
840 00 0 
83 0 1 1 1 
82 1 1 1 1 








































































0 0 0 0 0 
0 0 0 0 0 
1 1 1 1 1 
1 1 1 1 1 













































0 0 0 0 
0 0 0 0 
1 1 1 1 
1 1 1 1 





























































Appendix C Continued 
Marker Size Alfalfa Genotypes 
37b 9a 9b 38a 38b 39a 39b 28a 28b 29a 10a 10b 11a 30a 30b 13a 13b 14a 
' 350 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 
349 1 0 0 0 0 0 0 1 1 0 0 1 0 0 0 0 0 1 
348 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
347 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 
345 1 0 0 0 0 1 1 1 0 0 0 0 0 1 1 0 0 0 
340 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
338 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 
336 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
333 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 1 
330 0 0 1 1 1 0 0 0 0 0 0 0 1 0 0 1 1 1 
325 0 0 1 1 1 1 1 0 1 1 0 0 1 0 0 0 0 0 
320 1 0 0 0 1 1 1 0 1 1 0 0 0 1 1 0 0 0 
315 0 0 0 1 0 0 0 0 0 0 0 0 0 1 1 1 1 1 
310 1 1 0 0 0 0 1 1 0 1 1 1 1 0 0 0 0 0 
305 1 1 1 1 1 1 1 1 1 1 0 0 1 0 0 0 0 0 
300 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 
290 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 
280 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
270 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
260 0 1 1 1 1 0 0 1 1 0 0 0 1 1 1 1 1 1 
250 0 1 1 1 1 0 0 1 1 0 0 0 1 1 1 1 1 1 
200 1 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
195 0 1 0 1 1 0 0 0 0 1 0 1 0 0 0 0 0 0 
170 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
166 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T24+E26 160 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
252 0 1 1 0 0 1 1 1 1 1 1 0 0 .: 1 0 0 0 1 
250 1 1 0 1 1 1 1 1 1 1 1 1 1 0 1 1 0 1 
205 0 0 0 0 o· 0 0 1 0 0 1 0 0 1 0 0 0 0 
204 1 0 0 0 0 0 0 1 0 1 1 0 0 1 0 0 0 0 
T24+E38 190 1 0 0 1 0 0 1 0 0 0 0 0 0 0 0 1 1 0 
425 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 
420 1 1 0 0 0 1 1 0 0 0 0 0 1 1 0 1 1 1 
418 1 1 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 1 
410 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
408 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
406 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
403 1 1 1 1 0 0 0 0 0 0 0 0 1 0 0 1 1 1 
400 1 1 0 1 0 1 1 0 0 0 0 0 1 1 0 1 1 1 
398 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
390 1 1 0 0 0 1 1 1 1 1 0 0 1 1 1 1 1 1 
389 1 0 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 0 
387 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 
* 385 1 1 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1 1 
381 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
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Appendix C Continued , 
Marker Size Alfalfa Genotypes 
37b 9a 9b 38a 38b 39a 39b 28a 28b 29a 10a 10b 11a 30a 30b 13a 13b 14a 
380 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 
377 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1 
376 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 
370 0 1 0 0 0 1 0 0 0 0 0 0 0 1 1 1 1 0 
350 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
335 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 1 
334 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
331 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 
330 0 0 0 1 1 1 1 0 0 1 0 0 0 0 0 1 0 0 
320 0 1 1 0 0 1 0 1 1 0 0 0 1 0 0 1 1 1 
310 1 1 1 1 1 1 
300 1 1 0 0 0 1 
290 0 0 0 0 0 0 
280 1 1 1 0 0 1 
270 1 1 1 0 0 0 
260 0 0 0 0 0 0 
250 1 1 0 0 0 1 
245 1 1 0 0 0 1 
240 1 1 0 0 0 1 
235 1 0 0 0 0 0 
1 1 1 
1 1 1 
0 0 0 
1 0 0 
1 0 1 
0 0 0 
1 0 0 
0 0 0 
1 0 0 











230 1 1 1 1 1 1 1 1 1 1 
225 0 0 1 0 0 0 1 0 0 0 
223 1 1 0 0 0 0 0 1 0 0 
220 0 0 0 0 0 0 
215 0 1 0 0 0 0 
213 1 0 0 0 0 0 










200 1 1 0 0 0 1 0 1 
190 1 1 0 0 0 0 1 
185 0 1 0 0 1 0 0 
180 1 1 1 0 1 1 1 
175 0 0 0 0 0 0 0 
170 0 0 0 0 0 0 0 
165 1 0 1 0 1 0 0 
163 1 1 1 0 0 1 1 
160 1 1 1 0 1 1 1 




1 1 0 
1 1 0 



















140 1 1 1 1 
135 1 0 1 0 
130 1 0 0 0 
120 1 1 1 0 

















0 0 0 
1 1 1 
1 1 1 
1 1 0 


















0 0 0 1 
0 0 1 1 
0 0 0 1 
0 0 0 0 
0 0 1 1 
0 0 0 0 
0 0 0 1 
0 0 0 0 
0 0 0 1 

























0 0 0 
0 0 0 
0 0 1 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 1 





















































































































































































Appendix C Continued 






37b 9~ 9b 38a 38b 39a 39b 28a 28b 29a 10a 10b 11a 30a 30b 13a 13b 14a 
1 05 1 0 0 0 0 0 0 1 1 1 0 0 1 1 1 1 1 0 
1 00 1 1 1 0 1 0 1 1 1 1 0 0 1 1 1 1 1 1 
80 1 1 1 0 1 1 1 1 1 1 0 0 0 1 1 1 1 1 
70 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 
60 1 1 1 0 1 1 1 1 1 1 0 0 0 1 0 0 0 0 
55 1 1 1 1 1 1 
1650 0 0 0 0 0 0 
1500 0 0 0 0 0 0 
1400 0 .1 1 1 0 1 
1 1 1 
0 0 0 
0 0 0 





0 0 1 1 
0 0 0 0 
0 0 0 0 
0 1 0 0 
1300 1 1 1 0 1 0 0 0 1 1 1 1 1 1 
1200 1 1 1 1 1 1 0 1 1 1 1 1 1 1 
1050 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
900 0 1 0 1 1 1 1 1 1 1 1 1 1 1 
800 0 0 1 1 0 0 0 0 0 0 1 1 0 0 
640 0 1 1 0 0 0 0 0 0 1 0 0 0 0 
500 1 1 1 0 0 0 0 0 0 1 0 0 1 1 
1200 0 0 0 0 0 0 0 0 0 
1100 0 0 0 0 0 0 0 0 0 
1050 0 0 0 0 0 0 0 0 0 
950 1 0 0 1 1 1 1 1 1 
0 0 0 0 
0 0 0 1 
0 0 0 0 





800 0 1 1 1 1 1 
700 1 1 1 0 0 1 
600 0 0 0 0 0 0 
1600 0 0 0 1 1 0 
1500 0 1 0 0 0 1 
1450 1 0 1 0 0 0 
900 0 1 1 0 0 0 
600 1 1 1 1 1 1 
550 0 0 0 0 0 0 
450 0 0 0 0 0 0 
1700 0 0 0 0 0 1 
1200 0 1 1 0 0 0 
900 0 1 1 0 0 1 
0 0 0 0 
1 0 0 0 
0 0 0 0 
0 0 0 1 
1 0 0 0 
0 1 1 0 
0 0 0 1 
1 1 1 0 
1 0 0 0 
0 0 0 0 
1 0 0 1 
0 1 1 0 
1 0 0 0 
1 1 1 1 
1 1 1 0 
0 0 0 0 
0 0 1 0 
1 1 1 0 
0 0 0 1 
0 0 1 0 
1 1 1 1 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

















1 1 1 0 
1 1 1 1 
0 1 0 0 
1 1 0 0 
0 0 0 0 
0 0 0 0 




















































600 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 1 0 
550 0 1 1 1 1 1 1 0 0 0 1 1 1 1 1 1 1 1 
631 300 0 0 0 1 1 1 1 0 0 1 1 1 0 1 1 0 0 0 
1600 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1500 0 0 0 1 0 1 1 1 0 1 0 1 0 0 0 0 0 0 
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Appendix C Continued 
Marker Size Alfalfa Genotypes 
31b 15a 15b 16a 16b 32a 32b 17a 17b 40a 
T24+E25 420 1 1 1 1 1 0 0 0 0 1 
400 0 0 0 0 0 1 1 0 0 0 
360 0 0 0 0 0 0 0 0 0 0 
350 0 0 0 0 0 1 1 0 0 1 
340 1 1 1 0 0 0 0 0 0 0 
330 1 1 1 1 1 0 0 1 1 1 
320 0 0 1 1 1 0 0 0 0 0 
310 1 0 0 0 0 0 0 0 0 0 
300 0 0 0 1 0 0 0 0 0 0 
291 0 0 0 0 0 0 0 0 0 0 
290 0 0 0 0 0 0 0 0 0 0 
282 0 0 0 0 0 0 0 0 0 0 
280 1 1 1 1 1 1 1 1 1 1 
278 1 1 1 1 1 0 0 1 1 1 
272 0 0 0 0 0 1 1 0 0 0 
270 0 0 0 0 0 0 0 1 0 0 
250 0 1 1 0 0 1 1 1 1 0 
248 1 1 1 0 0 0 0 0 0 0 
247 1 1 0 1 1 1 0 1 1 0 
246 0 1 1 1 1 0 0 0 0 0 
230 1 0 1 1 1 0 1 1 0 0 
220 0 0 1 0 0 0 0 0 0 1 
212 1 1 1 1 1 1 1 1 1 1 
210 1 0 0 0 0 0 0 0 0 0 
208 1 1 1 1 1 0 0 1 1 1 
206 0 0 0 0 0 1 1 1 1 0 
175 0 0 0 1 0 0 0 0 0 0 
172 0 0 1 1 1 0 0 0 0 0 
170 0 0 1 1 1 0 0 1 1 1 
168 0 0 0 1 1 0 0 0 0 0 
166 0 0 0 1 1 0 0 0 0 0 
165 0 0 0 1 1 0 0 0 0 0 
160 1 1 1 1 1 1 1 1 1 1 
156 0 0 1 1 1 0 0 1 1 1 
152 1 0 1 1 1 0 0 0 1 1 
150 0 0 0 0 0 0 0 1 0 0 
148 0 0 1 1 1 0 0 0 0 0 
140 1 1 1 1 1 1 1 1 1 0 
138 0 0 0 0 0 0 0 0 0 1 
137 1 1 1 0 1 0 0 1 1 0 
132 1 0 1 1 1 1 1 1 1 1 
130 1 0 1 1 1 0 0 1 1 1 
128 1 1 0 0 0 1 1 0 0 0 
120 1 1 1 1 0 0 1 1 1 0 
115 0 0 0 0 0 0 0 0 0 0 
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Appendix C Continued 
Marker Size Alfalfa Genotypes 
31b 15a 15b 16a 16b 32a 32b 17a 17b 40a 
102 0 0 0 0 0 1 1 0 0 0 
100 1 1 1 1 1 0 0 1 1 1 
98 0 0 0 0 0 0 0 0 0 0 
95 0 0 1 1 0 0 0 0 0 1 
93 0 1 0 1 1 0 0 1 1 1 
92 1 1 1 1 1 1 1 1 1 1 
91 1 1 1 1 1 1 1 1 1 1 
90 1 1 1 1 1 1 1 1 1 1 
80 1 0 0 1 1 1 1 0 0 0 
79 1 1 1 1 1 1 1 1 1 1 
78 0 1 1 0 0 0 0 0 0 0 
75 0 0 0 0 1 0 0 0 0 0 
62 1 1 1 0 0 1 1 0 0 1 
T24+E22 60 1 1 1 0 0 1 1 0 0 1 
335 0 1 0 0 0 1 1 0 0 0 
334 1 1 1 1 1 1 1 0 1 0 
331 1 1 1 1 1 1 1 1 1 0 
320 0 0 0 1 0 0 0 0 0 0 
310 1 0 1 0 0 0 1 0 0 1 
300 1 1 1 0 0 0 0 0 0 0 
296 0 0 0 1 0 0 0 0 1 0 
293 1 1 1 0 0 1 1 1 1 0 
290 1 1 1 1 1 1 1 1 1 0 
280 1 0 1 0 1 0 1 0 1 0 
273 0 0 0 0 0 0 0 0 0 0 
270 0 1 1 1 1 1 1 1 1 0 
268 0 0 0 0 0 0 0 0 0 0 
266 0 0 0 0 0 0 0 0 0 1 
264 0 0 0 0 0 0 0 0 0 1 
260 1 1 1 1 1 1 1 1 1 1 
258 0 1 1 1 1 0 0 1 0 0 
240 0 1 0 0 0 0 0 0 0 0 
235 0 0 0 0 1 1 1 0 0 0 
234 1 1 0 0 1 0 0 1 1 0 
233 0 1 1 1 0 0 0 1 1 1 
232 0 0 0 0 0 0 0 0 0 0 
230 0 0 0 0 0 1 1 0 1 0 
222 1 0 0 0 0 0 0 0 1 0 
220 1 1 0 1 1 1 1 0 1 0 
202 0 0 0 0 0 0 0 0 0 0 
200 0 1 1 1 1 1 1 1 1 1 
199 1 1 1 1 1 0 1 0 0 1 
198 0 0 0 0 0 0 0 0 0 1 
195 0 0 0 0 0 0 1 0 0 0 
193 0 0 0 0 0 1 1 0 0 0 
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Appendix C Continued 
Marker Size Alfalfa Genotypes 
31b 15a 15b 16a 16b 32a 32b 17a 17b 40a 
191 0 0 0 1 1 0 0 0 0 0 
190 1 1 1 1 1 0 0 1 1 1 
182 0 0 0 0 0 0 0 0 0 0 
180 0 1 1 1 1 0 0 0 0 0 
179 1 1 1 1 1 0 0 0 0 0 
178 0 0 0 0 0 0 0 0 0 0 
165 0 0 0 0 0 0 0 0 0 0 
163 0 0 0 0 0 0 0 0 0 0 
162 0 0 0 0 0 0 0 0 0 0 
161 0 0 0 1 1 0 0 0 0 0 
160 1 1 1 0 1 0 0 0 0 0 
158 0 0 0 1 0 0 0 0 0 0 
152 0 0 0 0 0 0 0 0 0 0 
150 0 0 0 0 0 0 0 0 0 0 
143 0 0 0 0 0 0 0 0 0 0 
142 0 0 0 0 0 0 0 0 0 0 
140 0 0 0 0 0 0 0 0 0 0 
121 0 0 0 0 0 0 0 1 1 1 
120 0 0 0 0 0 0 0 0 0 0 
119 0 0 0 0 0 0 0 0 0 0 
112 0 0 0 0 0 0 0 0 0 0 
111 1 1 1 1 1 1 1 1 1 1 
110 0 0 0 0 0 0 0 0 0 0 
T24+E40 109 0 0 0 0 0 0 0 0 0 0 
418 1 0 0 0 0 1 1 1 0 0 
417 0 1 0 0 1 0 0 0 0 0 
416 1 0 0 1 1 1 1 1 1 0 
414 0 0 0 0 0 0 0 0 0 0 
408 0 0 0 1 0 0 1 0 0 0 
406 0 0 0 0 0 0 0 0 0 0 
404 1 1 1 0 0 0 0 0 0 0 
402 0 0 0 1 1 1 1 1 1 0 
400 1 1 0 1 1 0 1 1 1 0 
390 1 1 0 1 1 1 1 1 1 1 
380 1 1 1 1 1 1 1 1 1 1 
370 0 0 0 0 0 0 0 0 0 0 
365 1 1 1 · 0 0 0 0 0 0 0 
350 1 0 1 1 1 1 1 1 1 0 
345 1 1 1 1 1 1 1 1 1 1 
340 1 0 1 1 1 1 1 1 1 0 
335 0 0 0 1 1 1 1 1 1 0 
333 1 0 0 1 1 1 1 1 1 0 
331 1 1 1 1 0 0 0 0 0 0 
325 1 1 0 0 1 1 1 1 1 0 
300 0 1 0 1 1 1 1 1 1 1 
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Appendix C Continued 
Marker Size Alfalfa Genotypes 
31b 15a 15b 16a 16b 32a 32b 17a 17b 40a 
280 0 1 1 0 1 1 1 0 0 0 
270 0 1 0 1 1 0 0 0 0 0 
265 0 0 0 0 0 0 0 0 0 0 
260 0 0 1 0 0 1 1 1 0 0 
255 0 1 0 0 1 1 0 0 0 0 
240 0 0 0 0 0 1 1 0 0 0 
210 0 1 0 1 1 1 1 1 1 0 
190 0 0 1 1 1 1 1 1 1 0 
185 0 1 0 0 1 1 0 0 0 0 
180 0 0 1 0 0 1 1 1 1 0 
175 1 1 1 1 1 1 1 1 1 1 
160 0 0 0 0 0 0 0 0 0 0 
155 0 0 0 0 0 0 0 0 0 0 
150 1 0 1 1 1 1 1 1 1 0 
145 1 0 1 1 1 1 1 1 1 1 
140 0 0 0 0 0 0 0 1 0 0 
135 1 0 0 0 0 0 0 0 0 0 
130 0 0 0 0 0 0 0 0 0 0 
140 0 1 1 0 0 1 1 0 0 0 
138 0 1 1 1 1 0 0 1 1 0 
136 0 0 0 0 0 1 1 0 0 0 
134 1 0 0 0 0 0 0 1 1 1 
130 1 0 0 0 0 1 1 1 1 0 
128 0 1 0 1 1 1 1 1 1 0 
126 0 1 1 0 1 1 0 1 1 1 
120 0 1 1 0 1 1 0 0 0 0 
115 0 0 0 0 0 0 0 0 0 0 
113 0 0 1 0 0 0 0 0 0 0 
112 0 1 1 1 1 0 0 0 0 0 
111 1 1 1 1 1 1 1 1 1 0 
110 0 1 0 0 0 1 1 1 1 0 
109 0 1 0 0 0 0 0 0 0 0 
108 1 1 0 0 0 0 0 0 0 0 
107 0 1 0 0 0 0 0 0 1 0 
95 0 1 1 0 0 0 0 0 1 0 
94 1 0 0 1 1 1 1 0 1 0 
93 1 0 0 0 0 1 1 1 1 0 
92 1 0 0 0 0 0 0 0 1 1 
91 1 1 0 1 1 0 0 0 1 0 
90 0 0 0 1 1 0 0 0 0 0 
85 0 0 0 0 0 0 0 0 0 0 
84 0 0 0 0 0 0 0 0 0 0 
83 1 0 1 1 1 1 1 1 1 0 
82 1 1 1 1 1 1 1 1 1 1 
T24+E24 80 0 0 0 0 0 0 0 0 0 0 
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Appendix C Continued 
Marker Size Alfalfa Genotypes 
31b 15a 15b 16a 16b 32a 32b 17a 17b ;,4-0a 
350 0 0 0 1 0 0 0 1 1 0 
349 0 0 0 0 1 1 0 0 0 0 
348 1 1 1 1 1 1 1 1 1 1 
347 0 0 0 0 0 0 0 0 0 0 
345 0 0 1 0 1 0 0 0 0 0 
340 0 1 0 0 0 0 0 0 0 1 
338 0 0 0 0 0 0 0 0 0 0 
336 0 0 0 0 0 0 0 0 0 0 
333 1 0 0 0 0 0 0 0 0 0 
330 1 1 1 1 1 1 1 1 1 1 
325 0 0 0 0 0 0 0 0 0 0 
320 0 0 0 0 0 0 0 0 0 0 
315 1 1 1 1 1 1 1 1 1 1 
310 0 0 0 0 0 0 0 1 1 0 
305 0 0 0 0 0 0 0 0 0 0 
300 0 0 0 0 0 0 0 0 0 0 
290 0 0 0 0 0 0 0 0 0 0 
280 0 0 0 0 0 0 0 0 0 0 
270 0 0 0 0 0 0 0 0 0 0 
260 1 1 1 1 0 0 0 0 0 0 
250 1 1 1 1 1 1 1 1 1 1 
200 0 0 0 0 1 1 1 1 1 1 
195 0 0 0 0 0 0 0 0 0 0 
170 0 0 0 0 0 0 0 0 0 0 
166 0 0 0 0 0 0 0 0 0 0 
T24+E2(; 160 0 0 0 0 0 0 0 0 0 0 
252 1 0 1 1 0 1 1 1 1 1 
250 1 1 1 1 1 1 1 1 1 1 
205 0 0 0 0 0 1 0 0 0 1 
204 0 0 0 0 0 1 1 1 1 1 
T24+E38 190 0 1 0 1 1 0 0 0 0 0 
425 0 0 0 0 0 0 0 0 0 0 
420 0 1 1 0 0 0 1 1 0 1 
418 0 1 0 0 0 0 0 1 0 1 
410 0 0 0 0 0 0 0 0 0 0 
408 0 0 0 0 0 0 0 0 0 0 
406 0 0 0 0 0 0 0 1 0 0 
403 1 0 1 0 0 1 1 1 1 0 
400 1 1 1 0 0 1 1 1 1 0 
398 0 1 0 0 0 0 0 0 0 0 
390 0 1 1 0 0 1 1 1 1 1 
389 0 1 0 0 0 1 1 0 0 0 
387 0 0 1 1 1 1 0 0 0 0 
385 0 1 0 0 0 0 1 1 0 0 
381 0 1 1 0 0 0 0 0 0 0 
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Appendix C Continued 
Marker Size Alfalfa Genotypes· 
31b 15a 15b 16a 16b 32a 32b 17a 17b 40a 
380 0 0 0 0 0 0 0 0 0 0 
377 0 1 1 1 1 0 0 1 0 0 
376 0 0 0 0 0 0 0 1 0 0 
370 0 0 1 0 0 0 0 0 0 0 
350 0 0 0 0 0 0 0 0 0 0 
335 0 0 0 0 0 0 0 1 1 0 
334 0 0 0 0 0 0 0 0 0 0 
331 0 0 0 0 0 0 0 0 0 1 
330 0 0 1 0 0 1 0 0 0 1 
320 0 1 1 1 1 0 0 1 0 0 
310 0 1 1 1 1 0 0 1 1 0 
300 0 0 1 0 0 1 1 1 1 1 
290 0 1 0 0 0 1 1 1 0 0 
280 0 0 0 0 0 0 0 1 1 0 
270 0 1 1 1 1 0 1 1 1 0 
260 0 0 0 0 0 0 0 1 1 1 
250 0 1 1 0 0 1 1 1 0 0 
245 0 0 0 0 1 0 0 0 0 0 
240 0 1 1 0 0 1 1 1 0 0 
235 0 1 1 0 0 1 1 1 1 1 
230 1 1 1 1 1 1 1 1 1 0 
225 0 1 1 1 0 0 0 0 1 0 
223 0 1 0 1 0 1 0 0 0 0 
220 0 0 0 0 0 0 0 0 0 0 
215 0 1 0 1 0 1 0 1 0 0 
213 0 0 0 1 0 1 0 0 0 0 
210 1 0 1 0 1 0 1 1 1 0 
200 0 0 1 1 0 0 1 1 0 0 
190 1 0 1 0 0 0 0 1 1 1 
185 1 0 0 0 0 1 1 0 0 0 
180 0 0 1 1 1 1 1 1 1 1 
175 0 1 0 0 0 0 0 0 0 0 
170 0 0 0 0 0 0 1 1 0 1 
165 1 0 0 0 1 1 1 1 1 1 
163 1 0 0 0 0 1 1 0 0 0 
160 1 1 1 1 1 1 1 1 1 1 
158 0 0 0 0 1 0 0 1 1 0 
155 1 1 1 1 1 1 1 1 1 1 
150 0 0 1 1 0 0 1 1 1 1 
145 0 0 1 1 1 0 1 1 1 0 
140 1 1 1 0 0 1 0 1 0 1 
135 1 1 1 0 0 1 1 1 1 1 
130 1 1 0 0 1 1 1 1 0 1 
120 1 0 0 0 0 1 1 1 1 1 
110 1 0 0 0 0 0 0 0 0 1 
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Appendix C Continued 
Marker Size Alfalfa Genotypes 
31b 15a 15b 16a 1Gb 32a 32b 17a 17b 40a 
105 1 0 0 1 1 0 1 1 1 1 
100 1 1 1 1 1 1 1 1 1 1 
80 1 1 1 1 1 1 1 0 1 1 
70 1 0 0 0 0 1 1 0 0 0 
60 1 0 0 1 1 1 1 1 1 1 
652 55 1 1 0 0 1 1 1 1 1 0 
1650 0 0 0 0 0 0 0 0 0 0 
1500 0 0 0 0 0 0 0 0 0 0 
1400 0 0 0 1 0 1 0 0 1 0 
1300 1 0 0 1 1 0 0 1 1 0 
1200 1 1 1 1 1 1 1 1 1 0 
1050 0 0 0 0 0 1 0 0 0 0 
900 1 0 0 0 0 0 1 0 0 0 
800 0 0 1 0 0 1 0 0 0 1 
640 0 0 0 0 0 0 0 0 0 0 
81 500 0 0 0 0 0 0 0 0 1 1 
1200 0 0 0 0 0 0 0 0 0 0 
1100 0 0 0 0 1 0 0 1 1 0 
1050 0 0 0 0 0 0 0 0 0 0 
950 1 1 0 1 1 1 1 1 1 0 
800 0 0 0 1 1 1 0 1 1 0 
700 1 0 1 1 1 0 0 1 1 0 
Hae 600 0 0 0 0 0 0 0 0 0 0 
1600 0 1 0 0 0 0 0 1 1 0 
1500 0 0 1 0 1 1 0 0 0 1 
Hind 1450 1 0 0 1 0 0 1 0 0 0 
900 0 0 0 1 0 0 0 0 0 0 
600 1 1 1 1 1 1 0 1 1 1 
550 0 0 0 0 0 0 1 0 0 0 
AA12 450 0 0 0 0 0 0 0 0 0 1 
1700 0 1 1 0 0 0 0 0 0 0 
1200 0 0 0 1 1 0 0 0 0 0 
900 1 1 1 0 0 0 0 1 1 0 
600 0 1 1 1 1 1 1 1 1 1 
550 1 0 0 0 0 0 0 0 0 0 
631 300 0 0 0 0 0 0 0 1 1 0 
1600 0 0 1 0 0 0 0 0 0 0 
1500 0 0 0 0 0 0 0 0 0 0 
t = genotype number corresponds to Table 1 in main text 
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APPENDIX D. GENETIC DISTANCES 
Genetic distance matrix among 70 M sativa genotypes calculated using the Dice coefficient. 
s1a s1b f18a f18b s2a s2b 
s1a 1 
s1b 0.8368794 1 
f18a 0.6131387 0.6791045 1 
f18b 0.637037 0.6666667 0.84375 1 
s2a 0.5984252 0.6532258 0.6083333 0.6186441 1 
s2b 0.4507042 0.4830918 0.4422111 0.4615385 0.4692737 1 
f19a 0.4732143 0.5229358 0.4857143 0.4951456 0.4842105 0.3892617 
f19b 0.6028369 0.6594203 0.619403 0.6590909 0.6370968 0.4830918 
f20a 0.6353791 0.6715867 0.6768061 0.6563707 0.5596708 0.4455446 
f20b 0.6332046 0.6719368 0.6285714 0.6141079 0.5511111 0.423913 
s3a 0.5703704 0.6060606 0.5234375 0.531746 0.6610169 0.4410256 
s3b 0.6357616 0.6689189 0.6041667 0.6056338 0.619403 0.4140969 
v33a 0.6319703 0.6463878 0.6431373 0.6135458 0.5787234 0.3814433 
v33b 0.5985915 0.6690647 0.6296296 0.6315789 0.544 0.3923445 
s4a 0.5498008 0.555102 0.4810127 0.4978541 0.5529954 0.3636364 
s4b 0.5384615 0.5905512 0.5121951 0.5289256 0.5840708 0.5189189 
f21a 0.5877863 0.6328125 0.5967742 0.557377 0.5614035 0.4919786 
s5a 0.6235741 0.6614786 0.6104418 0.6122449 0.5938865 0.4787234 
s5b 0.5639098 0.6307692 0.6031746 0.6129032 0.6465517 0.4397906 
s6a 0.5816733 0.555102 0.5232068 0.5236052 0.4976959 0.4318182 
f22a 0.5365854 0.55 0.5603448 0.5614035 0.509434 0.3859649 
f22b 0.615942 0.6518519 0.6030534 0.5968992 0.5950413 0.4079602 
f23a 0.6007326 0.6292135 0.6486486 0.627451 0.5271967 0.4242424 
s7a 0.5061224 0.5104603 0.5194805 0.5110132 0.464455 0.5176471 
f24a 0.626506 0.6666667 0.5531915 0.5541126 0.5767442 0.3563218 
f24b 0.6319703 0.6463878 0.5568627 0.5338645 0.587234 0.3814433 
v34a 0.5735849 0.6177606 0.5418327 0.5587045 0.4761905 0.3263158 
v35a 0.5625 0.552 0.5702479 0.5882353 0.4594595 0.3756906 
v35b 0.6986301 0.7202797 0.6618705 0.6569343 0.5813953 0.4423963 
f25a 0.6962457 0.738676 0.6164875 0.6036364 0.6023166 0.4311927 
f25b 0.6849315 0.7202797 0.5899281 0.5985401 0.620155 0.3502304 
s8a 0.5530303 0.5813953 0.576 0.5772358 0.5652174 0.3703704 
s8b 0.522449 0.5523013 0.5541126 0.5726872 0.5402844 0.4588235 
f26a 0.5447471 0.5418327 0.5596708 0.5439331 0.4843049 0.4065934 
f26b 0.6338028 0.6330935 0.6074074 0.6090226 0.56 0.3636364 
v36a 0.5433962 0.5714286 0.5577689 0.5182186 0.484~485 0.3052632 
v36b 0.6049822 0.6327273 0.5917603 0.5855513 0.5668016 0.4368932 
v37a 0.5658915 0.5555556 0.5409836 0.5333333 0.5178571 0.3715847 
v37b 0.6 0.6197183 0.5797101 0.5588235 0.59375 0.344186 
s9a 0.6323024 0.6596491 0.6137184 0.6080586 0.5525292 0.3796296 
s9b 0.5725191 0.59375 0.5080645 0.5409836 0.5701754 0.4278075 
v38a 0.5425101 0.5477178 0.5493562 0.5327511 0.4976526 0.372093 
v38b 0.5271318 0.5396825 0.5655738 0.5666667 0.5714286 0.4699454 
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Appendix D continued 
s1a s1b f18a f18b s2a s2b 
v39a 0.5250965 0.5770751 0.5469388 0.5560166 0.5777778 0.3586957 
v39b 0.4054054 0.4722222 0.4807692 0.4607843 0.4468085 0.2857143 
f28a 0.6428571 0.6569343 0.5864662 0.5725191 0.601626 0.3512195 
f28b 0.5791506 0.5928854 0.522449 0.5394191 0.5777778 0.3695652 
f29a 0.556391 0.5923077 0.5555556 0.5564516 0.5258621 0.3560209 
s10a 0.5587045 0.5975104 0.5064378 0.5502183 0.5821596 0.4069767 
s10b 0.4827586 0.4690265 0.4862385 0.4766355 0.4646465 0.4458599 
) , -- s11a 0.5307692 0.5511811 0.5284553 0.5454545 0.5132743 0.3459459 
s11b 0.5203252 0.5166667 0.5344828 0.5350877 0.5283019 0.3976608 
s12a 0.5358491 0.5250965 0.5577689 0.5506073 0.5108225 0.3473684 
f30a 0.5608856 0.6037736 0.5603113 0.5296443 0.556962 0.3367347 
f30b 0.5542169 0.5432099 0.5531915 0.5541126 0.5395349 0.3563218 
s13a 0.5301205 0.5596708 0.5361702 0.5541126 0.5023256 0.4252874 
s13b 0.599278 0.6346863 0.5627376 0.5405405 0.617284 0.3861386 
s14a 0.536965 0.5896414 0.5102881 0.5188285 0.5470852 0.3846154 
s14b 0.5533597 0.5991903 0.5188285 0.5021277 0.6118721 0.4157303 
f31a 0.539924 0.5992218 0.5220884 0.4979592 0.5851528 0.3404255 
f31b 0.5454545 0.5991903 0.5439331 0.5106383 0.5479452 0.3595506 
s15a 0.5931559 0.6381323 0.5542169 0.5142857 0.4803493 0.2978723 
s15b 0.5789474 0.6076923 0.547619 0.5564516 0.5517241 0.3246073 
s16a 0.5606061 0.5736434 0.48 0.495935 0.5043478 0.3597884 
s16b 0.5338346 0.5846154 0.5079365 0.5 0.5172414 0.3874346 
f32a 0.5210728 0.5882353 0.5020243 0.5020576 0.4933921 0.2903226 
f32b 0.5496183 0.6171875 0.5 0.4836066 0.5263158 0.2887701 
s17a 0.5620438 0.6343284 0.5615385 0.546875 0.55 0.3316583 
s17b 0.5746269 0.6335878 0.5826772 0.568 0.5641026 0.373057 
p40a 0.4541485 0.5201794 0.5488372 0.5402844 0.4717949 0.2727273 
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Appendix D continued 








f19b 0.5045872 1 
f20a 0.5352113 0.6568266 1 
f20b 0.5025641 0.6166008 0.7580645 1 
s3a 0.407767 0.6212121 0.5637066 0.5726141 1 
s3b 0.4789916 0.7094595 0.6323024 0.6520147 0.7535211 1 
v33a 0.4878049 0.6539924 0.6511628 0.675 0.6374502 0.7067138 
v33b 0.4454545 0.6258993 0.6153846 0.6117647 0.5789474 0.6577181 
s4a 0.513369 0.5632653 0.6 0.6486486 0.583691 0.6339623 
s4b 0.3571429 0.6220472 0.5461847 0.5367965 0.7438017 0.6569343 
f21a 0.4141414 0.5546875 0.6135458 0.5922747 0.5819672 0.6521739 
s5a 0.4924623 0.6381323 0.5793651 0.6324786 0.6122449 0.6570397 
s5b 0.4752475 0.7 0.6039216 0.6329114 0.6693548 0.6857143 
s6a 0.342246 0.522449 0.5166667 0.5135135 0.5407725 0.5509434 
f22a 0.4835165 0.575 0.5702128 0.5714286 0.5263158 0.6 
f22b 0.4528302 0.6 0.5358491 0.5668016 0.6356589 0.6482759 
f23a 0.4019139 0.6217228 0.6183206 0.5737705 0.6039216 0.6341463 
s7a 0.3756906 0.5523013 0.4871795 0.5185185 0.5638767 0.5559846 
f24a 0.4 0.526749 0.5546218 0.5454545 0.5194805 0.5703422 
f24b 0.4 0.5323194 0.5271318 0.5333333 0.5737052 0.6219081 
v34a 0.4179104 0.5791506 0.5275591 0.559322 0.5101215 0.5806452 
v35a 0.4895833 0.52 0.5632653 0.5110132 0.487395 0.5333333 
v35b 0.5 0.6503497 0.5978648 0.6007605 0.5839416 0.6470588 
f25a 0.5152838 0.6620209 0.6524823 0.6212121 0.5745455 0.6710098 
f25b 0.5350877 0.6713287 0.6405694 0.6007605 0.5839416 0.6732026 
s8a 0.48 0.5348837 0.6166008 0.587234 0.5853659 0.5827338 
s8b 0.441989 0.5355649 0.5213675 0.537037 0.5726872 0.5250965 
f26a 0.4145078 0.5099602 0.5121951 0.5526316 0.5271967 0.5608856 
f26b 0.4727273 0.6043165 0.6007326 0.5960784 0.5338346 0.6510067 
v36a 0.4477612 0.5559846 0.5590551 0.5847458 0.5263158 0.609319 
v36b 0.40553 0.5963636 0.5851852 0.6190476 0.6007605 0.6237288 
v37a 0.2680412 0.5 0.5101215 0.5152838 0.5333333 0.5735294 
v37b 0.4424779 0.5985915 0.5806452 0.5900383 0.5661765 0.6644737 
s9a 0.4405286 0.5473684 0.5857143 0.5877863 0.5860806 0.6557377 
s9b 0.3939394 0.5546875 0.5099602 0.5150215 0.5737705 0.6304348 
v38a 0.3606557 0.473029 0.5932203 0.5321101 0.5327511 0.5057471 
v38b 0.4329897 0.5079365 0.534413 0.5327511 0.55 0.5588235 
v39a 0.4615385 0.5849802 0.5483871 0.5652174 0.5892116 0.6153846 
v39b 0.5316456 0.4537037 0.4739336 0.4974093 0.4117647 0.4661017 
f28a 0.3888889 0.6058394 0.5427509 0.5737052 0.6183206 0.6394558 
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Appendix D continued 
f19a f19b f20a f20b s3a s3b 
f28b 0.3794872 0.5454545 0.5080645 0.5478261 0.6058091 0.6007326 
f29a 0.4059406 0.5307692 0.5647059 0.5316456 0.5322581 0.5642857 
s10a 0.284153 0.6224066 0.4745763 0.4770642 0.5676856 0.5670498 
s10b 0.297619 0.5575221 0.4615385 0.453202 0.5327103 0.5284553 
s11a 0.3877551 0.519685 0.5220884 0.4761905 0.5454545 0.5620438 
s11b 0.4505495 0.4666667 0.5106383 0.4976959 0.4736842 0.5307692 
s12a 0.4079602 0.5405405 0.5354331 0.5677966 0.534413 0.5663082 
f30a 0.4444444 0.5433962 0.5384615 0.5123967 0.5612648 0.5614035 
f30b 0.4108108 0.4938272 0.512605 0.5363636 0.5714286 0.5171103 
s13a 0.4108108 0.5432099 0.512605 0.5272727 0.5281385 0.5323194 
s13b 0.4225352 0.6346863 0.5413534 0.5483871 0.6023166 0.6460481 
s14a 0.3834197 0.501992 0.4715447 0.5175439 0.5690377 0.5830258 
s14b 0.3492063 0.534413 0.4380165 0.4553571 0.612766 0.576779 
f31a 0.3517588 0.5680934 0.4920635 0.4615385 0.6122449 0.5920578 
f31b 0.3915344 0.5101215 0.4876033 0.5178571 0.5276596 0.5318352 
s15a 0.4221106 0.5136187 0.5714286 0.5470085 0.5142857 0.5920578 
s15b 0.4356436 0.5461538 0.5647059 0.5485232 0.5483871 0.6071429 
s16a 0.37 0.5271318 0.4980237 0.5106383 0.601626 0.6043165 
s16b 0.3861386 0.5769231 0.5254902 0.5316456 0.5806452 0.6714286 
f32a 0.5076142 0.5333333 0.536 0.5431034 0.526749 0.5890909 
f32b 0.4848485 0.5234375 0.5498008 0.5579399 0.524$902 0.5942029 
s17a 0.5428571 0.6119403 0.5855513 0.5877551 0.59375 0.6388889 
s17b 0.5294118 0.610687 0.5758755 0.5941423 0.608 0.6382979 
p40a 0.4484848 0.4484305 0.5045872 0.54 0.4075829 0.4938272 
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v33b 0.709434 1 
s4a 0.6637931 0.5425101 1 
s4b 0.5726141 0.53125 0.573991 1 
f21a 0.6419753 0.6124031 0.5244444 0.6324786 1 
s5a 0.6639344 0.6177606 0.6106195 0.612766 0.6919831 1 
s5b 0.6882591 0.6259542 0.628821 0.6722689 0.65 0.7883817 
s6a 0.5344828 0.5506073 0.411215 0.5650224 0.4888889 0.5575221 
f22a 0.6431718 0.5371901 0.6124402 0.5321101 0.5818182 0.6153846 
f22b 0.6381323 0.6397059 0.4853556 0.5887097 0.592 0.6135458 
f23a 0.6220472 0.6468401 0.5 0.5877551 0.5991903 0.5725806 
s7a 0.5221239 0.4896266 0.5480769 0.6082949 0.5570776 0.5818182 
f24a 0.5391304 · 0.6204082 0.4056604 0.5158371 0.6098655 0.5357143 
f24b 0.584 0.5886792 0.4741379 0.5726141 0.600823 0.5819672 
v34a 0.5691057 0.5440613 0.4824561 0.5147679 0.4769874 0.525 
v35a 0.556962 0.5238095 0.4200913 0.4736842 0.4956522 0.4848485 
v35b 0.6666667 0.6597222 0.5098039 0.6212121 0.6466165 0.6142322 
f25a 0.6642336 0.6089965 0.5390625 0.5509434 0.5842697 0.619403 
f25b 0.6520147 0.6111111 0.5176471 0.5454545 0.5714286 0.6067416 
s8a 0.5387755 0.5846154 0.5110132 0.5169492 0.4957983 0.5188285 
s8b 0.5132743 0.5228216 0.4903846 0.5069124 0.5022831 0.5090909 
f26a 0.5210084 0.5296443 0.4636364 0.489083 0.5281385 0.4827586 
f26b 0.5811321 0.5928571 0.5263158 0.5234375 0.5736434 0.5559846 
v36a 0.5934959 · 0.4750958 0.5614035 0.4894515 0.5020921 0.5583333 
v36b 0.5877863; 0.5559567 0.4918033 0.5928854 0.5803922 0.5625 
v37a 0.4853556: 0.4488189 0.4072398 0.5565217 0.5086207 0.5321888 
v37b 0,5904059 I 0.5804196 0.513834 0.5572519 0.5454545 0.5660377 
s9a 0.6176471 0.5853659 0.519685 0.5247148 0.5509434 0.5338346 
s9b 0.5432099 0.5348837 0.5066667 0.5299145 0.5338983 0.5738397 
v38a 0.5526316 • 0.5596708 0.4095238 0.5388128 0.5067873 0.4864865 
v38b 0.5439331 0.519685 0.4705882 0.5391304 0.5603448 0.5665236 
v39a 0.6 0.627451 0.5225225 0.4588745 0.5579399 0.5726496 
v39b 0.4827586. 0.4954128 0.4216216 0.3505155 0.4285714 0.4365482 
f28a 0.6360153 0.6376812 0.5020576 0.5793651 0.5669291 0.6117647 
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Appendix D continued 
v33a v33b s4a s4b f21a s5a 
f28b 0.575 0.5647059 0.4774775 0.5367965 0.5407725 0.5982906 
f29a 0.5263158 0.5648855 0.419214 0.5042017 0.5333333 0.5394191 
s10a 0.4649123 0.5185185 0.4 0.5570776 0.5339367 0.5495495 
s10b 0.4694836 0.4561404 0.4307692 0.5686275 0.5145631 0.5217391 
s11a 0.5062241 0.5078125 0.4843049 0.4741379 0.4871795 0.4510638 
s11b 0.5022026 0.4545455 0.4784689 0.4678899 0.5090909 0.4705882 
s12a 0.6585366 0.5440613 0.5263158 0.4725738 0.5271967 0.5666667 
f30a 0.531746 0.5692884 0.4615385 0.4855967 0.5061224 0.4878049 
f30b 0.5391304 0.522449 0.4245283 0.5067873 0.529148 0.5089286 
s13a 0.5391304 0.5469388 0.4716981 0.4977376 0.5560538 0.5178571 
s13b 0.5581395 0.5860806 0.5583333 0.5381526 0.5338645 0.5396825 
s14a 0.512605 0.6086957 0.4818182 0.5240175 0.5281385 0.5 
s14b 0.4871795 0.5702811 0.4259259 0.5777778 0.5550661 0.5175439 
f31a 0.5163934 0.5559846 0.3982301 0.5191489 0.5485232 0.5294118 
f31b 0.5555556 0.5140562 0.4166667 0.5333333 0.5462555 0.5350877 
s15a 0.5737705 0.5791506 0.4690265 0.4680851 0.5400844 0.5378151 
s15b 0.5991903. 0.5801527 0.5240175 0.4705882 0.575 0.5892116 
s16a 0.5714286 0.5384615 0.4933921 0.5508475 0.5462185 0.5941423 
s16b 0.5587045 0.5648855 0.4803493 0.5882353 0.6083333 0.5892116 
f32a 0.5041322 0.5603113 0.4375 0.5150215 0.5361702 0.5084746 
f32b 0.526749 0.5813953 0.4711111 0.5213675 0.5508475 0.5316456 
s17a 0.6117647 0.5851852 0.5738397 0.5447154 0.5806452 0.6184739 
s17b 0.6024096 0.6287879 0.5367965 0.5416667 0.5950413 0.6090535 
p40a 0.5333333 0.4622222 0.4583333 0.4079602 0.4926108 0.4901961 
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Appendix D continued 
s5b s6a f22a f22b f23a s7a 



















s6a 0.5764192 1 
f22a 0.6071429 0.5645933 1 
f22b 0.6377953 0.5941423 0.6752137 1 
f23a 0.5896414 0.5932203 0.5627706 0.6360153 1 
s7a 0.5650224 0.4903846 0.4926108 0.5150215 0.5565217 1 
f24a 0.5814978 0.5754717 0.47343 0.5907173 0.6495726 0.4951456 
f24b 0.582996 0.5862069 0.5022026 0.6225681 0.6771654 0.5132743 
v34a 0.5349794 0.4824561 0.5201794 0.5928854 0.576 0.4594595 
v35a 0.4957265 0.4840183 0.4579439 0.5655738 0.5643154 0.4225352 
v35b 0.6 0.5882353 0.576 0.7214286 0.6859206 0.5301205 
f25a 0.6346863 0.5625 0.5737052 0.6690391 0.6618705 0.512 
f25b 0.6148148 I 0.5647059 0.552 0.65 0.6425993 0.4497992 
s8a 0.5454545 0.4757709 0.4774775 0.5396825 0.5702811 0.4253394 
s8b 0.5470852 0.4903846 0.4630542 0.5493562 0.5652174 0.4455446 
f26a 0.5191489 0.4636364 0.4930233 0.5306122 0.5702479 0.4392523 
f26b 0.5419847 0.4696356 0:5950413 0.5588235 0.6171004 0.4647303 
v36a 0.5596708 0.4385965 0.6098655 0.5375494 0.504 0.5135135 
v36b 0.6177606 0.5 0.5439331 0.6022305 0.5714286 0.5546218 
v37a 0.5423729 0.5158371 0.4722222 0.5365854 0.5596708 0.4651163 
v37b 0.5597015 0.5059289 0.5322581 0.5899281 0.5890909 0.437247 
s9a 0.535316 0.5275591 0.5461847 0.5878136 0.6304348 0.4677419 
s9b 0.5833333 0.4977778 0.4909091 0.552 0.534413 0.5114155 
v38a 0.48. 0.5619048 0.4780488 0.5617021 0.5948276 0.4901961 
v38b 0.5338983 I 0.4886878 0.5092593 0.5772358 0.5679012 0.5395349 
v39a 0.5907173' 0.4954955 0.4423963 0.5425101 0.5245902 0.4444444 
v39b 0.42 0.3135135 0.3777778 0.4095238 0.4251208 0.3351955 
f28a 0.5968992 0.600823 0.5294118 0.6567164 0.6490566 0.4725738 
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Appendix D continued 
s5b s6a f22a f22b f23a s7a 
f28b 0.5485232 0.5225225 0.4792627 0.6153846 0.5901639 0.4537037 
f29a 0.5327869 · 0.489083 0.5 0.6141732 0.5896414 0.4484305 
s10a 0.6044444 0.552381 0.4585366 0.5276596 0.5603448 0.4705882 
s10b 0.552381 0.5230769 0.4947368 0.4363636 0.5069124 0.5291005 
s11a 0.5042017 0.4573991 0.4954128 0.5564516 0.5387755 - 0.4423963 
s11b 0.5 0.4210526 0.5294118 0.4957265 0.4675325 0.4926108 
s12a 0.5843621 0.4561404 0.5650224 0.5375494 0.536 0.4324324 
f30a 0.5461847 0.5299145 0.4628821 0.5559846 0.578125 0.4298246 
f30b 0.5198238 0.5754717 0.4927536 0.5822785 0.5897436 0.4466019 
s13a 0.5462555 0.5 0.4927536 0.5063291 0.5555556 0.4660194 
s13b 0.5882353 0.525 0.5361702 0.5660377 0.5572519 0.4957265 
s14a 0.5021277 0.4 0.4186047 0.522449 0.5123967 0.4392523 
s14b 0.5367965 0.462963 0.4265403 0.5477178 0.5462185 0.4666667 
f31a 0.5726141 0.5132743 0.5067873 0.5896414 0.5725806 0.4 
f31b 0.5454545 0.5092593 0.492891 0.5560166 0.5966387 0.447619 
s15a 0.5145228 0.5663717 0.5248869 0.5577689 0.6048387 0.4272727 
s15b 0.5983607 I 0.4628821 0.5535714 0.511811 0.5577689 0.4753363 
s16a 0.6198347 0.5110132 0.4954955 0.5714286 0.5542169 0.4886878 
s16b 0.6311475. 0.5502183 0.4910714 0.5826772 0.5896414 0.5112108 
f32a 0.5188285 · 0.4553571 0.4018265 0.5381526 0.5284553 0.4036697 
f32b 0.5333333 0.4444444 0.4090909 0.528 0.5182186 0.4018265 
s17a 0.6269841 0.4472574 0.5086207 0.5648855 0.5405405 0.4675325 
s17b 0.6422764 0.5108225 0.5132743 0.625 0.6007905 0.5155556 
p40a 0.4927536 0.3854167 0.513369 0.4792627 0.4672897 0.4408602 
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Appendix D continued 


























f24b 0.773913 1 
v34a 0.5309735 0.5528455 1 
v35a 0.5529954 0.5147679 0.5321888 1 
v35b 0.6482213 0.6593407 0.6319703 0.7076923 1 
f25a 0.6614173 0.6423358 0.5481481 0.6436782 0.7272727 1 
f25b 0.6403162' 0.6373626 0.5650558 0.5923077 0.7297297 0.9023569 
s8a 0.5866667 0.5632653 0.4813278 0.5689655 0.6119403 0.5947955 
s8b 0.5631068 0.539823 0.4324324 0.4976526 0.5943775 0.584 
f26a 0.587156 0.5546218 0.4957265 0.5511111 0.5977011 0.5496183 
f26b 0.5632653 0.5584906 0.5440613 0.6111111 0.6458333 0.6574394 
v36a 0.460177 0.5121951 0.5123967 0.4978541 0.5501859 0.5703704 
v36b 0.5537191 0.5496183 0.5581395 0.5060241 0.6245614 0.6153846 
v37a 0.5479452 0.5690377 0.4851064 0.4955752 0.5801527 0.5931559 
v37b 0.5418327 I 0.597786 0.5468165 0.5271318 0.6530612 0.6372881 
s9a 0.5238095 · 0.6029412 0.5597015 0.5250965 0.6847458 0.6486486 
s9b 0.4932735 0.5349794 0.460251 0.4521739 0.5639098 0.5543071 
v38a 0.5288462 0.5614035 0.4821429 0.4744186 0.5816733 0.547619 
v38b 0.4931507 0.5271967 0.4765957 0.4690265 0.5648855 0.5323194 
v39a 0.5454545 0.575 0.5423729 0.4933921 0.5855513 0.5757576 
v39b 0.3934426 0.3842365 0.4522613 0.5052632 0.4955752 0.4581498 
f28a 0.5809129 0.605364 0.5680934 0.516129 0.7112676 0.6175439 
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Appendix D continued 
f24a f24b v34a v35a v35b f25a 
f28b 0.5454545 0.5666667 0.5677966 0.4493392 0.6159696 0.5606061 
f29a 0.5198238 0.5182186 0.5102881 0.5299145 0.6518519 0.5904059 
s10a 0.5673077 0.5701754 0.4910714 0.4186047 0.5657371 0.5396825 
s10b 0.4974093 0.5352113 0.4401914 0.36 0.4830508 0.4219409 
s11a 0.4886878 0.5145228 0.4810127 0.4385965 0.5530303 0.5207547 
s11b 0.4637681 0.4757709 0.4573991 0.4579439 0.488 0.4621514 
s12a 0.4690265 0.5203252 0.5454545 0.4206009 0.535316 0.5185185 
f30a 0.5517241 · 0.5555556 0.4677419 0.4853556 0.5890909 0.6086957 
f30b 0.5238095 0.5652174 0.4513274 0.5529954 0.6086957 0.5669291 
s13a 0.5142857 0.5304348 0.5132743 0.4516129 0.5533597 0.5433071 
s13b 0.5462185 0.5348837 0.5826772 0.4734694 0.5907473 0.6028369 
s14a 0.4770642 0.512605 0.5384615 0.4266667 0.5670498 0.5419847 
s14b 0.5046729 0.5299145 0.4956522 0.4343891 0.5914397 0.5271318 
f31a 0.5446429 · 0.5655738 0.5666667 0.5194805 0.6142322 0.5746269 
f31b 0.5327103 0.5555556 0.5652174 0.5158371 0.6303502 0.5658915 
s15a 0.5714286 0.5737705 0.5083333 0.5021645 0.5992509 0.5895522 
s15b 0.5638767 0.5668016 0.5349794 0.4957265 0.562963 0.597786 
s16a 0.5155556 0.5469388 0.5311203 0.5086207 0.5746269 0.5204461 
s16b 0.5462555 0.5748988 0.5185185 0.4786325 0.6148148 0.5313653 
f32a 0.5045045 0.5123967 0.487395 0.5065502 0.6113208 0.5413534 
f32b 0.5470852 0.5185185 0.5355649 0.5130435 0.6015038 0.576779 
s17a 0.5106383 0.5411765 0.5179283 0.5454545 0.6330935 0.6164875 
s17b 0.5502183 0.562249 0.5306122 0.5423729 0.6617647 0.6080586 
p40a 0.4105263 0.4285714 0.4660194 0.4873096 0.5407725 0.4871795 

































































s8b f26a f26b v36a 
1 
0.682243 1 
0.5062241 0.6086957 1 
0.4414414 0.5042735 0.6743295 1 
0.5210084 0.52 0.6787004 0.7829457 
0.5302326 0.4933921 0.6220472 0.612766 
0.48583 0.4787645 0.6923077 0.6741573 
0.5241935 0.5461538 0.6620209 0.6567164 
0.4657534 0.5021645 0.5658915 0.5690377 
0.5 0.4537037 0.4855967 0.4732143 
0.4744186 0.4669604 0.5354331 0.5531915 
0.5092593 0.5 0.5333333 0.5 
0.4022346 0.4712042 0.5321101 0.4522613 
0.4978903 0.5461847 0.6231884 0.5603113 
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Appendix D continued 
f25b s8a s8b f26a f26b v36a 
f28b 0.5931559 0.5361702 0.4814815 0.5263158 0.5568627 0.5338983 
f29a 0.6148148 0.5619835 0.5022422 0.5276596 0.5801527 0.5020576 
s10a 0.5338645 0.5470852 0.5490196 0.4722222 0.5843621 0.4732143 
s10b 0.440678 0.4903846 0.4656085 0.4577114 0.4649123 0.4880383 
s11a 0.5378788 0.5508475 0.516129 0.5065502 0.5703125 0.5400844 
s11b 0.488 0.4954955 0.4630542 0.4837209 0.5371901 0.5829596 
s12a 0.5724907 0.5145228 0.4414414 0.4273504 0.5517241 0.6115702 
f30a 0.6181818 0.5668016 0.5087719 0.4916667 0.6067416 0.5241935 
f30b 0.5928854. 0.5244444 0.5145631 0.5137615 0.5632653 0.539823 
s13a 0.5296443 0.5511111 0.5048544 0.4770642 0.5469388 0.5044248 
s13b 0.5907473 0.6007905 0.5128205 0.495935 0.6666667 0.6141732 
s14a 0.51341 0.5236052 0.4579439 0.4690265 0.56917 0.4786325 
s14b 0.5058366 0.5065502 0.552381 0.4774775 0.5461847 0.4782609 
f31a 0.5917603 0.5606695 0.4818182 0.4827586 0.6023166 0.5666667 
f31b 0.5914397 0.4978166 0.4857143 0.4864865 0.5783133 0.5565217 
s15a 0.5692884 0.6025105 0.5636364 0.5344828 0.5637066 0.55 
s15b 0.5851852 0.5702479 0.4573991 0.4680851 0.6030534 0.5679012 
s16a 0.5223881 0.5333333 0.4705882 0.4892704 0.5615385 0.5643154 
s16b 0.5333333 0.5371901 0.5022422 0.4851064 0.5801527 0.5679012 
f32a 0.5660377 0.5316456 0.4587156 0.4869565 0.5836576 0.4789916 
f32b 0.6090226 0.5378151 0.4292237 0.4935065 0.6124031 0.5271967 
s17a 0.6330935 0.584 0.4848485 0.4609053 0.6222222 0.5976096 
s17b 0.6323529 0.5737705 0.5511111 0.5232068 0.5984848 0.5714286 
p40a ·o.4892704 0.4390244 0.3655914 0.4343434 0.4888889 0.5339806 
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Appendix D continued 






































v37a 0.7011952. 1 
v37b 0.7067138 0.7538462 1 
s9a 0.7253521 0.5900383 0.6825939 1 
s9b 0.6117647 0.5775862 0.5681818 0.7169811 1 
v38a 0.525 0.516129 0.5140562 0.584 0.561086 1 
v38b 0.5976096 0.5438596 0.5461538 0.5900383 0.637931 0.6543779 
v39a 0.5873016 0.4716157 0.5900383 0.6259542 0.5751073 0.5412844 
v39b 0.4465116 0.3333333 0.4910714 0.4977778 0.4693878 0.4088398 
f28a 0.6593407 0.616 0.6453901 0.6784452 0.6220472 0.5523013 
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Appendix D continued 
v36b v37a v37b s9a s9b v38a 
f28b 0.6349206 0.5502183 0.5823755 0.6335878 0.5922747 0.5412844 
f29a 0.6023166 0.5677966 0.5746269 0.6171004 0.5416667 0.5688889 
s10a 0.5583333 0.5806452 0.5060241 0.544 0.5520362 0.4757282 
s10b 0.5422222 0.5049505 0.4615385 0.4680851 0.4757282 0.5026178 
s11a 0.5770751 0.5304348 0.5343511 0.608365 0.5982906 0.4840183 
s11b 0.6108787, 0.5277778 0.5564516 0.5702811 0.6272727 0.5463415 
s12a 0.5658915 0.5191489 0.6067416 0.6268657 0.5439331 0.4642857 
f30a 0.5833333 0.5477178 0.5934066 0.6058394 0.5387755 0.4869565 
f30b 0.5702479 · 0.5844749 0.5896414 0.5952381 0.5381166 0.5480769 
s13a 0.553719 0.5114155 0.501992 0.5793651 0.573991 0.5288462 
s13b 0.6666667 0.5425101 0.5949821 0.6285714 0.5976096 0.4576271 
s14a 0.56 0.4669604 0.5250965 0.5769231 0.4935065 0.4351852 
s14b 0.601626 0.5650224 0.5490196 0.5703125 0.5638767 0.4622642 
f31a 0.6171875 0.5922747 0.5962264 0.5864662 0.6160338 0.4954955 
f31b 0.6260163 0.5829596 0.6039216 0.6015625 0.5991189 0.5377358 
s15a 0.5859375 0.6180258 0.5735849 0.593985 0.5232068 0.4864865 
s15b 0.6177606 I 0.559322 0.5746269 0.6245353 0.6416667 0.4711111 
s16a 0.5680934 0.5299145 0.5488722 0.6067416 0.6638655 0.4843049 
s16b 0.6177606 0.5762712 0.5820896 0.6022305 0.675 0.4888889 
f32a 0.5511811 0.5021645 0.5779468 0.5833333 0.5276596 0.5272727 
f32b 0.5803922 0.5172414 0.6136364 0.5886792 0.5338983 0.4886878 
s17a 0.6441948, 0.5409836 0.6449275 0.6425993 0.6129032 0.4463519 
s17b 0.6130268 0.5462185 0.6148148 0.6273063 0.6694215 0.5022026 
p40a 0.4594595 0.4321608 0.5194805 0.4655172 0.4729064 0.4148936 
























































f28a f28b f29a 
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Appendix D continued 
v38b v39a v39b f28a f28b f29a 
f28b 0.628821' 0.6347826 0.4974093 0.8446215 1 
f29a 0.5847458, 0.5654008 0.49 0.6589147 0.649789 1 
s10a 0.516129 · 0.5137615 0.3425414 0.5857741 0.5412844 0.5422222 
s10b 0.5346535 0.453202 0.3253012 0.4821429 0.4630542 0.4761905 
s11a 0.5478261 0.5108225 0.4329897 0.6111111 0.5974026 0.5630252 
s11b 0.5925926 · 0.4976959 0.4555556 0.5210084 0.5253456 0.4910714 
s12a 0.5361702 0.559322 0.4422111 0.5680934 0.5338983 0.5185185 
f30a 0.5394191 0.6115702 0.497561 0.6692015 0.6446281 0.5783133 
f30b 0.5844749 0.5454545 0.4918033 0.6141079 0.5727273 0.5198238 
s13a 0.56621 · 0.5454545 0.4808743 0.5726141 0.5818182 0.4405286 
s13b 0.4939271 0.5645161 0.4265403 0.6171004 0.5967742 0.4784314 
s14a 0.4669604 0.5877193 0.4293194 0.5783133 0.5964912 0.4595745 
s14b 0.5560538 0.5714286 0.4278075 0.6285714 0.6071429 0.5454545 
f31a 0.5579399 0.5299145 0.4263959 0.6666667 0.6153846 0.5809129 
f31b 0.6008969 0.5357143 0.4705882 0.6612245 0.6160714 0.5541126 
s15a 0.5150215 0.5042735 0.4060914 0.6117647 0.5555556 0.5394191 
s15b 0.5423729 0.556962 0.48 0.5968992 0.5485232 0.5 
s16a 0.5384615 0.5021277 0.3737374 0.625 0.6042553 0.5371901 
s16b 0.5508475 0.556962 0.42 0.6046512 0.5654008 0.5163934 
f32a 0.4848485 0.5689655 0.4820513 0.6086957 0.5603448 0.5104603 
f32b 0.4827586 0.5665236 0.5 0.6299213 0.6180258 0.5666667 
s17a 0.5163934; 0.5632653 0.5192308 0.6165414 0.5714286 0.5555556 
s17b 0.5714286 · 0.5523013 0.5148515 0.6307692 0.5774059 0.6097561 
p40a 0.5125628 0.41 0.4171779 0.5248869 0.47 0.4927536 





















































Appendix D continued 




s10b 0.7539267 1 
s11a 0.5570776 0.4803922 1 
s11b 0.4585366 0.5473684 0.7431193 1 
s12a 0.5178571 0.5263158 0.5316456 0.5560538 1 
f30a 0.5478261 0.4186047 0.6090535 0.5327511 0.5564516 1 
f30b 0.5192308 0.4663212 0.5520362 0.5410628 0.5575221 0.7586207 
s13a 0.5576923 0.4974093 0.5701357 0.5507246 0.5663717 0.5517241 
s13b 0.6101695 0.4977376 0.5863454 0.5446809 0.5590551 0.6461538 
s14a 0.5092593 0.358209 0.558952 0.4651163 0.4957265 0.6083333 
s14b 0.5943396 0.4263959 0.5955556 0.4834123 0.426087 0.6271186 
f31a 0.6126126 0.4830918 0.587234 0.5248869 0.5333333 0.5853659 
f31b 0.5754717 0.4467005 0.56 0.5023697 0.573913 0.5677966 
s15a 0.5135135 0.4347826 0.5617021 0.4977376 0.5166667 0.6178862 
s15b 0.5688889 0.5047619 0.5462185 0.5535714 0.5596708 0.562249 
s16a 0.5560538. 0.4807692 0.5254237 0.4864865 0.5228216 0.5425101 
s16b 0.5777778 0.5047619 0.5630252 0.5267857 0.5102881 0.562249 
f32a 0.5090909 0.3902439 0.5150215 0.4931507 0.4369748 0.5983607 
f32b 0.4977376 0.3592233 0.5384615 0.4818182 0.4769874 0.6285714 
s17a 0.5493562 0.4311927 0.6260163 0.5603448 0.5418327 0.6070039 
s17b 0.5814978 0.4622642 0.6333333 0.5752212 0.5714286 0.5976096 
p40a 0.4042553 0.3352601 0.4776119 0.4812834 0.4660194 0.4339623 
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s13a 0.647619, 1 
s13b 0.5966387 0.7563025 1 
s14a 0.4954128 0.6238532 0.7073171 1 
s14b 0.5327103 0.5607477 0.6694215 0.8018018 1 
f31a 0.5714286 0.5982143 0.6904762 0.5948276 0.7017544 1 
f31b 0.6168224 0.5607477 0.5619835 0.5315315 0.6146789 0.745614 
s15a 0.5803571 0.5982143 0.6349206 0.5775862 0.5964912 0.6134454 
s15b 0.5374449 0.6255507 0.6901961 0.6212766 0.6147186 0.6390041 
s16a 0.56 0.6222222 0.6324111 0.5665236 0.6462882 0.6527197 
s16b 0.5903084 0.6167401 0.6352941 0.587234 0.6666667 0.6224066 
f32a 0.5585586 0.5495495 0.552 0.5565217 0.5309735 0.5423729 
f32b 0.5560538 0.5470852 0.5816733 0.5974026 0.5550661 0.5991561 
s17a 0.5702128 0.5702128 0.6463878 0.6255144 0.5941423 0.6104418 
s17b 0.6375546 0.6200873 0.6303502 0.5738397 0.5922747 0.6419753 
p40a 0.4315789 0.4631579 0.4678899 0.4141414 0.4329897 0.4705882 
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0.6393443 0.8099174 1 
0.5439331 0.5232068 0.5857741 1 
0.5666667 0.5462185 0.5666667 0.8340426 
0.6349206 0.632 0.6587302 0.6477733 
0.6178862 0.6721311 0.6910569 0.6473029 
0.5603865 0.4682927 0.47343 0.4950495 
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s17a s17b p40a 
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